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ABSTRACT 
The microbial ecology of tundra soils was studied at four con-
trasting sites on the sub-Antarctic island of South Georgia. Two main 
study sites were used - a deep Mossbank dominated by Polytrichum 
alpestre/Chorisodontium aciphyllum and a Festuca contracta Grassland, 
and two subsidiary sites - a dense stand of the deciduous Dwarf Shrub 
Acaena magellanica and a Tortula robusta/Rostkovia magellanica Mire 
included for certain aspects of this two year programme. 
The viable bacterial and fungal populations of the main sites 
were comparable to those of other tundra regions and showed a similar 
decrease with depth. Intra-site variability was correlated with 
vegetation cover and increased microbial populations associated with 
Juncus scheuchzerioides at the Mossbank and Festuca contracta at the 
Grassland. Seasonal variability of the microbial populations showed 
complex correlations with a range of edaphic variables of which 
temperature and moisture were the most important. Direct bacterial 
counts showed high numbers present. Variability in total numbers was 
reflected in the viable counts. 
Cellulolytic bacteria and fungi and ligninolytic fungi, a small 
but consistent part of the microbial populations, were correlated with 
depth, moisture and the heterotrophic populations but showed little 
association with the vegetation cover. Chrysosporium sp. and pycnidial 
fungi were important celluloytic organisms found at both main sites. 
Sterile mycelia were frequently isolated. 
The decomposition of moribund moss in the Mossbank was very slow 
(3-5% p.a.) while dead grass culms in the Grassland showed rates of 
15-20% p.a. 
The decomposition rates of a pure cellulose material were com-
pared at all four sites and showed the order of cellumlytic activity 
to be: Dwarf Shrub>Mire>Grassland>Mossbank. Patterns of cellulose 
xviv 
decomposition revealed differences between the sites with depth and 
season and correlation analyses showed associations with vegetation at 
the Grassland and Mire sites. 
Total potential activity of the four sites was assessed by 
respirometry. The expression of results was complicated by the 
differing organic contents of the soils. The Dwarf Shrub and Mire 
sites showed consistently greater oxygen consumption than the Grass-
land or Mossbank and all sites showed reduced respiration with depth. 
Correlation analyses showed moisture to be the most important seasonal 
factor and at the Mossbank respiration was correlated positively with 
J. scheuchzerioides and negatively with P. alpestre. 
A general model linking decompositioA and nutrien~ cycling was 
created. 
Keywords: ANTARCTIC / TUNDRA / MICROBIAL / DECOMPOSITION / CELLULOSE. 
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INTRODUCTION 
The term 'tundra' comes from the Lappish meaning 'a vast level 
treeless Arctic region where the subsoil is frozen'. For comparative 
biological studies, however, it covers a range of high latitude and 
altitude sites and a gradation of climatic, soil and vegetation 
characteristics without clearly defined environmental or biological 
limits (Heal, 1981). Although of no greater latitude south than York 
is north, South Georgia lies south of the Antarctic Convergence and 
is directly influenced by the harsh Antarctic climate. The severe 
environment of this island (Smith and Walton, 1975) has resulted in 
its classification as cold oceanic sub-Antarctic tundra (French, 1974). 
The island provides a unique opportunity for the study of a 
relatively undisturbed ecosystem as its isolation and the Antarctic 
weather system have kept it, in the main, outside the sphere of man's 
influence. The poorly developed soils and paucity of the flora (Smith 
and Walton, 1975) suggests that compa~tively simple systems may be 
studied and the absence of indigenous mammals in inland areas shows 
that animal interference will be minimal. 
Scientific investigatio~s began with the German International 
Polar-Year expedition of 1882 but besides the work of Skottsberg (1902, 
1912) and Greene (1964) little terrestrial research, other than 
ornithological, was carried out prior to the IBP Bipolar Botanical 
Project in 1967 (Smith, 1971). Since then both· synecological and aut-
ecological studies have been carried out at selected sites (summarized 
in Smith and Walton, 1975) recently extending into microbiology with 
the studies by Hurst (1982) of the fungal succession on above-ground 
plant material. In order to obtain a more complete understanding of 
nutrient cycling a complementary study of below-ground decompoaition 
processes was required. 
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In temperate zones litter breakdown on and in the soil is carried 
out by herbivorous mammals and macro- and micro-arthropods before 
reaching the fungi and bacteria which perform the final step in the 
decomposition chain. Thus although the microflora are essential to 
the process the rate of nutrient cycling is not wholly dependent on 
their activity and may not change markedly with their populations. 
However, as the decomposer contribution of the macro- and micro-fauna 
will decrease with their numbers, in areas where these populations are 
small the micro flora become more important. 
At the selected South Georgia terrestrial sites there are no 
indigenous herbivorous mammals, the macroarthropods are represented 
by two Coleoptera and the microarthropods are reduced both in species 
and numbers (C.C. West pers. comm.). In terms of maintenance 
metabolism and the chemical decomposition of litter Harding and 
Stuttard (1974) consider microarthropods to be of minor importance in 
decomposition compared with the microflora.as their metabolic require-
ments are comparatively low. Thus in this situation the microbial 
component assumes a major role in the decomposition process and the 
causes of fluctuations in these populations are important in terms of 
nutrient availability. 
Part of this study was to carry out such an investigation of the 
micro flora and factors affecting it while making a quantitative 
assessment of those organisms capable of degrading the recalcitrant 
molecules, cellulose and lignin. The recycling of carbon is an 
important factor in the energy budget of tundra ecosystems. As 
cellulosic materials contain a high proportion of this an ecological 
approach was adopted to study their breakdown at contrasting 
terrestrial sites and to relate this, and an index of the potential 
biological activity, to environmental and edaphic influences. 
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CHAPTER 1 
SOUTH GEORGIA 
- 4 -
1.1 INTRODUCTION 
The island of South Georgia, occurring on an upwelling of the 
Scotia Arc, has an Alpine topography, low year-mean temperatures and 
very extensive icefields and glaciers - 58% of the island according to 
Smith (1960). Most of the Allardyce range, which forms the central 
spine of South Georgia, has a continuous snow cover and it is only in 
the low coastal areas that snow-free ground is found during the short 
summer. The lowland areas surrounding Cumberland Bay on the North East 
coast are considered to have been deglaciated longer than any other part 
of the island and to have a slightly more favourable climate than the 
more exposed South West side (Smith and Walton, 1975). It is in this 
area that the terrestrial study sites for this programme were chosen. 
1.2 GEOLOGY OF THE CUMBERLAND BAY AREA 
H. Will of the German International Polar Year Expedition observed 
in 1884 that South Georgia is composed mainly of sedimentary and meta-
morphic rocks but a more detailed investigation was not attempted until 
the first South Georgia Survey Expedition of 1951-2. At this time 
Trendall (1953) concluded there to be two main sedimentary groups in the 
Cumberland Bay region; The Sandebugten series (composed mainly of 
quartzose greywacke facies sediments) and the Cumberland Bay series 
(coarse-bedded tuffs, younger than the greywackes). After further work 
Trendall (1959) revised these to Sandebugten and Cumberland Bay 'types' 
to refer to the two distinct facies of the thick sedimentary succession 
deposited under geosynclinal conditions and included both in the 
Cumberland Bay Series. 
The older Sandebugten type rocks, which correlation with other 
parts of the Scotia Arc suggests as Paleozoic, are found in part of 
Dartmouth Point, the Barff Peninsula and land to the East of Cumberland 
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East Bay and consists of quartz and sandstone fragments from the North 
East. Stromness Bay, Cumberland West Bay and the Grytviken area, on 
the other hand, belong to the Cumberland Bay type sediments and comprise 
material of volcanic origin, albite crystals and small amounts of 
quartz. fossils from the upper part of this series are of the Aptian 
age (from Trendall, 1953, 1959; Adie, 1964). 
In his summary of the glacial history of South Georgia, Adie (1964) 
states that the youngest Pleistocene moraines which exist above present 
sea level may be correlated with the post-Aller~d moraines of Northern 
Europe while three older series may represent the Wurm glaciation 
identified in the Southern Andes (Smith, 1960). The glacial maxima are 
dated as at least 10000 years B.P., c. 5500 years B.P. and the most 
recent as around A.D. 1750-1800 (Clappteron, 1971) or as late as 1875 
(Smith, 1960). At present all glaciers in the Cumberland Bay area are 
receding although a brief advance was noted in the 1920s. 
Both Adie (1964) and Clapperton (1971) recognize the presence of 
raised coastal forelands on the North East coast and the glacial erosion 
which has severely roughened them into a knob and tarn topography. In 
the Cumberland Bay area this well developed foreland is to be found on 
the Barff Peninsula, on the peninsula between Husvik and Leith Harbours 
and in sheltered bays such as Sphagnum Valley, Maiviken and Hound Bay 
and these seem to correlate with remnants of sloping valley benches at 
similar altitudes in King Edward Cove and Cumberland East Bay. 
1.3 CUMBERLAND BAY SOIL TYPES 
Although the development of soils, plant succession and subsequent 
accumulation of organic deposits is severely limited both geographically 
and by the shortness of the growing season, Smith and Waltmn (1975) 
recognized four principal soil groups, none of which has permafrost, 
within the Cumberland Bay area. Briefly these groups are: 
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i) The organic soils which are peat deposits exceeding 25 cm in depth 
and formed by several very different vegetation communities. Locations 
for such soils may range from waterlogged rock basins to well drained 
slopes. All the peats are strongly acid with a pH range of 3.5-4.5. 
That these soils are slowly accumulating is shown from the radiocarbon 
date of 8657 ± 45 years B.P. obtained for a peat sample from a depth of 
180 cm in a Calliergon sarmentosum - Drepanocladus uncinatus mire 
(Smith, 1981). 
ii) Soils comparable to meadow tundras are found beneath the eutrophic 
moss-dominated communities of seepage slopes and to a lesser extent 
below bryophyte marshes on level ground. The upper peaty layer (5-20 cm 
deep with pH 4-5) overlies a wet band of fine clay (50 cm deep, pH 5.5-
6.5) beneath which is a sandy or stony base. 
iii) Soils comparable to arctic brown soils are found on the well 
drained slopes or level ground beneath dry grasslands. In these the 
loose litter overlies a peaty humic layer of 5-10 cm which gives way to 
an acid reddish brown loam (pH 4.2-5.2). This may vary in depth from 
30 cm in level situations to 100 cm in undulating areas and has a layer 
of sandy debris or stones beneath it. 
iv) The final group of soils are mineral and may range from clays, 
silts and sands to pebbles and boulders. These soils are mostly acidic 
with a pH range of 4.5-5.5 and may have sparse or absent vegetation and 
virtually no surface organic layer. Such fell field areas are subject 
to violent frost-heave and are only slowly colonised. 
1.4 POTENTIAL TERRESTRIAL SITES 
The very wide range of potential terrestrial sitea available on 
the four soil types described and present in a typical coastal plain in 
the Cumberland Bay area is shown in Fig. 1 together with the plant 
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associations typically found on those soils (after Smith and Walton, 
1975). 
1.5 CONSIDERATIONS IN SITE CHOICE 
The aim of the project was to study the microbial decomposition 
processes with depth at a variety of terrestrial sites over a long 
period and to this end a number of considerations were made in choosing 
suitable areas: 
1. The sampling sites should be located so that they are accessible 
from the base and laboratories at Grytviken even during difficult winter 
conditions. 
2. Such sites should be in areas that have not previously been 
used for intensive ~r destructive sampling. 
3. It is imperative that any sites chosen for a major study should 
be undisturbed by other Antarctic Survey personnel or, before them, the 
whaling communities of the island. 
4. The locations should be unpolluted, as far as possible, by the 
indigenous animal or bird populations or by sea-spray. This will enable 
intersite comparisons to be more validly made. 
5. The communities chosen should be similar to those investigated 
during studies in other tundra regions, thus enabling comparisons and 
contrasts to be drawn with them. 
6. Of the two main sites to be studied one should represent a 
community in which organic matter is accumulating and thus provide a 
direct contrast with a nearby area where a climax vegetation is found 
on an established soil and little or no litter accumulation occurs. 
7. Subsidiary sites with different potential nutrient turnover 
rates should also be considered for some aspects of the study. 
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1.6 SITE LOCATIONS 
A total of two main and two subsidiary sites were chosen in order 
to fulfill as many of the above considerations as possible and their 
locations are shown in fig. 2. Both main sites are in the Maiviken Bay 
area, on the valley floor approximately five kilometres north of the 
British Antarctic Survey base at King Edward Point. The two subsidiary 
sites are situated on the south side of King Edward Cove and near Gull 
Lake. 
The main sites are in an area previously unused for any scientific 
investigations and outside the zone of likely interference from the 
whaling station. Although the subsidiary sites had been used for 
previous studies (Walton, 1973; lawson, pers. comm.) the sites were 
little damaged and it was considered that existing data for these sites 
would add materially to this study. 
1.7 SITE DESCRIPTIONS 
Plant nomenclature follows Walton (1975a) for Phanerogams, lindsay 
(1974) for lichens and Grolle (1972) for liverworts. 
1.7.1 Grassland site 
This site (SGRS 1) is located on the shallow, South-West facing 
slope above the North-Eastern shore of the largest~ke in the Maiviken 
area, as shown in Plate 1. 
It is approximately 90 m above sea level and 0.75 km inland from 
Poa Cove. The well drained soil at this site is an example of the most 
developed soil type on South Georgia and has been previously described 
as a Brown Earth type but in this particular area with the addition of 
a pronounced stone layer at a depth of 15-20 cm. 
The plant community at this site is apparently the climax 
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Plate 1 The Grassland 
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vegetation found on such soils and represent the grass heath formation 
of Greene (1964). The phanerogamic members of the community include 
the dominant grass Festuca contracta, which is present in short tussocks, 
small clumps of the woody shrub Acaena magellanica, scattered plants 
of the grass Phleum alpinum and the rush Rostkovia magellanica. The 
cryptogamic community is dominated by the moss Chorisodontium aciphyllum 
(Hook.f. et Wils.) Broth. which, either alone or in mixed stands with 
Polytrichum alpinum Hedw., forms mats between F. contracta tussocks. 
In contrast to this the moss Conostomum pentastichum (Brid.) Lindb. is 
nearly always found in discrete hummocks 10-15 cm in diameter. Several 
species of lichens are also present and whereas the Cladonia species 
(C. rangiEerina, C. Eurcata, C. gracilis, C. bellidiElora, C. carneola 
and C. balEourii) are more numerous the thallic lichen Pseudocyphelleria 
Ereycenettii forms larger aggregations. Beneath the more obvious 
surface vegetation liverworts (eg. Barbiliphozia hatcheri and Cephalozia 
spp.) may be found in association with many of the species mentioned. 
The largest native herbivores are several species of Coleoptera 
which graze the base of grass shoots and which are thought to be 
responsible for the low flowering frequency of F. contracta in dense 
grassland (Tallowin, 1975). Interference from birds is also low as no 
species nest in this area and only the occasional skua (Catharacta skua), 
duck (Anas Elavirostris), or gull(Larus dominicanus) has been observed 
to land. 
The layout of the site is shown in Fig. 3. It consists of ten 
blocks of twenty 1 m2 quadrats divided by one metre walkways and 
occupies 25% of a larger site. The additional unused area offers scope 
for further experimentation and strict adherence to the walkway system 
ensures an otherwise undisturbed plot. To ensure that interference 
between experiments is avoided when possible, those experiments 
involving coring were restricte'dto random odd numbered quadrats with 
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no two cores taken closer together than 20 cm. It was felt that the 
increased aeration and drainage provided by these core holes could sig-
nificantly disturb long term buried experiments. Similarly, experiments 
involving buried materials were restricted to random even numbered 
quadrats with no more than three items in anyone quadrat. 
Snowpoles with 10 cm calibrations were arranged on the site as 
shown to facilitate the location of individual quadrats during conditions 
of snowcover and to provide a record of snowdepth throughout the winter. 
period. Micrometeorological instruments on or near the mast shown on 
the site were used to provide a weather record and observations were 
logged at five minute intervals onto a cassette recorder housed in a 
(Walton In~rep) 
two man hut twenty metres to the East of the siteL~ Ihe lnstruments at 
the grassland site are shown diagrammatically in Fig. 4. 
further meteorological observations were made using the synoptic 
procedure adopted at British Antarctic Survey stations and standard 
meteorological equipment housed in a Stephenson's screen outside the 
sampling site. However, as the various experimental procedures 
required irregular visits to this site the synoptic record is inter-
mittent and can only provide the broadest outline. 
1.7.2 Mossbank Site 
This site (SGRS 2) is a deep "raised bog" (approximately 2 m deep) 
which has developed between low hills, 250 metres to the east of Poa 
Cove, Maiviken, at a height of ten metres above sea level (see Plate 2). 
This is an example of a raised beach area as described by Adie (1964). 
Such peat banks fall within the classification of organic soils (Smith 
and Walton, 1975) and Smith (1981) has further described such a site 
as having an ombrogeneous mesotrophic peat deposit. 
The mossbank is comprised of two tall turf-forming mosses, the 
dominant Polytrichum alpestre Hoppe and Chorisodontium aciphyllum with 
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a little Polytrichum alpinum. The surface has been sparsely colonized 
by lichens, mainly Cladonia species (c. rangiferina, C. furcata, C. 
carneola, C. bellidiflora and C. balfourii) but with occasional crustose 
species. The short rush Juncus scheuchzerioides is frequently found 
amongst the mosses, and sparse shoots of Festuca contracta occur. 
Small tussocks of Poa flabellata are found on the site and liverworts 
are distributed throughout. This community is limited in distribution 
on South Georgia but, without phanerogams, is common in the maritime 
Antarctic (Smith, 1979). 
The site has a low water table but comparatively high water content 
due to the compact shoots of P. alpestre which are bound tightly 
together by the dense tomentum of rhizoids. In those areas where c. 
aciphyllum, which has sparse rhizoids, is more plentiful, the turf has 
a more open appearance and is more likely to suffer damage by trampling 
and wind erosion. 
Although rats, inadvertently introduced to the island in the early 
1800s, are widespread in many coastal areas (Holdgate and Wace, 1961) 
where they eat the roots of Poa flabellata, leaves and rhizomes of 
Acaena magellanica and leaves of some grasses as well as preying on the 
eggs and young of burrowing petrels (Fregetta tropica, oceanites 
oceanicus, Pelicanoides spp.), no trace of them, either as burrows or 
droppings, have been observed on or near the mossbank. As none of the 
birds of South Georgia nest on such mossbanks, avian interference is 
limited to occasional landings by gulls, skuas or ducks and although 
the site is only a short distance inland penguins have not penetrated 
that far and young elephant seals are restricted to the lake south east 
of the site. 
The layout of the site is shown in Fig. 5 and is similar to that 
of the grassland consisting of nine blocks of twenty five one metre 
square quadrats divided by one metre wide wa~kways. Coring was restricted 
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to odd numbered quadrats while experiments involving buried material 
were located in even numbered ones. To minimise trampling effects and 
inevitable deterioration of the moss surface all site work was carried 
out whilst wearing large plastic snowshoes. 
As at the grass site calibrated snow poles were used both to give 
an indication of snowdepth during winter and to facilitate the location 
of individual quadrats in difficult conditions. Micrometeorological 
instruments were also set up at this site and while their location is 
shown in fig. 5 the positioning of the individual instruments is given 
in the form of a diagram in fig. 6. 
Comparison of this equipment with that at the grassland shows the 
same number of temperature probes but a reduction in radiation measuring 
equipment in favour of the raingauge and wind direction apparatus. 
1.7.3 Dwarf Shrub Site 
This subsidiary site (SGRS 3) is situated on the North-east facing 
coastal slope on the southern side of King Edward Cove, 1.5 kilometres 
from the Station at King Edward Point (see plate 3). The site is in s 
gulley with a slope of 10-15 degrees. It begins 50 metres from the 
present shoreline and 10 metres above sea level and extends up and back 
to the raised beach behind at an altitude of 60-70 metres above sea 
level. The organic soil which has developed on this well drained slope 
is described by Smith (1981) as a soligenous eutrophic ranker peat 
resembling tundra ranker peat as described by Kubiena '(1953) and is 
considered to be intermediate between a true peat and the grassland 
brown soil which develops beneath F. contracta grassland (Smith and 
Walton, 1975). 
This closed site, of some 600 sq metres, is dominated by a dense 
sward of the deciduous dwarf shrub Acaena magellanlca and. has an under-
storey of the moss Tortula robusta. The surrounding drier ridges are 
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covered with tussocks of the grass F. contracta and at the edge of the 
site a band of the hybrid A. magellanica x tenera is found. The peat 
is shallower than that found at the mossbank (seldom deeper than 0.75 m) 
(Smith, 1981) and differs from a true tundra ranker, and from other 
South Georgian peats, in having a very active microflora. Thus although 
Acaena has a high net annual production (1600 gm2 yr-1 (Smith and 
Walton, 1975)) decomposition is also rapid and the accumulation of 
organic matter is reduced. The fleshy leaves of A. magellanica have 
high element levels (Walton and Smith, 1980) and their rapid decom-
position causes a speedy recycling of elements which, together with the 
flush which occurs at the spring melt, is responsible for the high 
nutrient status of the peat. Although no birds nest at this site and 
it has not been affected by penguins, rats are fairly abundant and both 
runs and burrows have been noted. 
As this area was not intended for intensive study it was considered 
that coring experiments would not interfere with those involving buried 
materials provided adequate marking was used. The numbered quadrat 
system was not used and the site laid out as shown in fig. 7. 
Regrettably a certain amount of trampling is inevitable in such a dense 
community as this but the use of the zigzag walkway restricted thia to 
a small area from which sampling could be carried out. 
Meteorological observations at this site were limited to snowdepth 
measurements in winter and intermittent soil temperature measurements. 
1.7.4 Mire Site 
This subsidiary Rostkovia magellanica site (SGRS 4) is located in 
a gently sloping, north-facing, seepage basin on the south side of Gull 
lake at a height of 90 metres above sea level and approximately 2 km 
from the station at King Edward Point (see Plate 4). The area around 
Gull lake is typical of that described by Adie (1964) as a raised 
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foreland and fluvioglacial erosion has produced the typical undulating 
terrain suitable for the development of flush and seepage mires and 
bogs. 
Although Greene (1964) considered all Rostkovia magellanica 
associations to be members of the marsh and bog formation communities, 
Smith (1981) has more accurately described such a site as a soligenous 
eutrophic mire equivalent to the valley and flush bogs of fraser (1954). 
Although there is some degree of water movement from the flanking 
slopes of Brown Mountain through the site, drainage is impeded and this 
results in a water table which is never far from the surface even during 
the summer and which is at the surface during melt periodR. 
The surface of the mire is composed of a carpet of the moss Tortula 
robusta which gives a low uneven surface. The phanerogamic component 
is chiefly Rostkovia magellanica, a low growing rush with long creeping 
rhizomes which produce erect leafy shoots at intervals of 5-8 cm. Also 
found are scattered plants of the deciduous shrub A. magellanica and 
occasional shoots of the rush J. scheuchzerioides. Smith (1981) des-
cribes peats which have developed at similar sites as having an upper 
vertically aligned component, then a horizontal one of moribund moss 
stems and R. magellanica rhizomes found above a black peat with bands 
of clay material. Such peat is slow to accumulate and Harkness (1979) 
has obtained a radiocarbon date of 9493 ± 370 years B.P. from the basal 
layer (265 cm) of a similar mire nearby. There appears to be no animal 
interference. 
Although this relatively large site (fig. 8), about 1000 m2, has 
been used for previous experimental work (G. Lawson 1972-75) little 
trace of this has been found apart from established walkways across the 
easily compacted but resilient moss surface. Buried experiments for 
this programme were located in those parts of the site known to have 
received the least prior attention and core samples were taken carefully 
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fro~ near the walkways. 
Meteorological observations were limited to snow depth measurements. 
Soil temperature records exist from earlier studies. 
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CHAPTER 2 
THE MEASUREMENT OF HETEROTROPHIC MICROBIAL ACTIVITY 
- 27 -
2.1 INTRODUCTION 
2.1.1 General introduction 
Although micro-organisms have a very small biomass in comparison 
with the other components of terrestrial ecosystems they form a vital 
link in the chain of carbon mineralization, as shown in Fig. 9, and 
their tissues constitute a major dynamic reservoir of nutrients. 
_____ Li tter ~ Leaching --+ Inorganic 
~ ~ nutrients Particulate matter Dissolved organic 
~ "\. Bacteria and Fun::' ma~ter ~ Respiration 
Available ,/ 1 J 
nutrients r \ Decomposer animals > Respiration 
1 X ~dators ~ Respiration 
Nutrient release ~Fae~ 
on death 
Fig. 9 The role of micro-organisms in carbon mineralization 
(Adapted from Mason, 1976) 
In tundra regions the paucity of the flora and fauna brought about 
by the ecological pressures of the environment increases the importance 
attached to the microbial section shown above. The distribution of the 
micro-organisms within a habitat and seasonal changes in the microbial 
biomass will directly affect the amount of nitrogen, phosphorous and 
other nutrients available either for plant growth or for further 
secondary production by soil organisms. It therefore becomes important 
that in a study of decomposer activity of this kind frequent assessmenta 
of the microbial population are made and that these are related to 
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edaphic variables which may cause them to change. 
2.1.2 Methods of enumerating microbial populations 
Microbial populations can be characterised in two ways: as total 
and as viable populations. Any estimation of the total population 
involves organisms in all stages of development. Clarholm et ale (1975) 
point out that if we are interested in the 'activity' of the organisms 
estimates should be based on those which are capable of carrying out 
active metabolism. Thus total. populations would give a gross over-
estimate of activity and should be avoided. In tundra regions, with 
low decomposition rates, inactive or moribund organisms persist for long 
periods giving, in total counts, an overestimate of population (Rosswall, 
1972) and an underestimate of activity per organism. Estimates of the 
percentage of dead bacteria in various tundra soils in the USSR 
(Parinkina, 1974) have shown variations of 0.3% to 40%, depending on 
the site's ecological factors, and suggest that the proportion increases 
with the decrease of biological activity of the soil. 
Viable estimation may be more applicable in tundra regions but the 
technique depends on an active organism forming a colony which may then 
be counted to give the number present. Skinner, Jones and Mollison 
(1952) point out that this may underestimate the viable population for 
the following reasons: 
1. Cell clumps remain attached to soil particles or aggregated in the 
suspending medium thus giving a reduced number of colonies. 
2. The suspending medium itself may be selective for some organisms. 
3. Spores may fail to germinate either because of inhibitory pressures 
in the suspending medium or on the plating medium. 
4. Viable cells may be adsorbed onto the walls of dilution bottles or 
pipettes or the spreading device used. 
5. The plating medium or incubation regime may be inhibitory to the 
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multiplication of the organisms. 
6. Slower growing organisms may not produce a visible colony within 
the incubation period or may be swamped by faster growing competitors. 
Since it appears that neither total nor viable counts may alone 
produce reliable estimates of the microbial populations it was decided 
that both should be carried out during this study and that total counts 
should be used to amplify the results obtained from a viable technique. 
2.1.3 The total and viable techniques chosen 
The Jones and Mollison (1948) slide technique was chosen for total 
counts as it can be carried out relatively simply and quickly without 
needing elaborate apparatus, the prepared slides remain usable for a 
long period and it has been the method of choice in similar studies and 
will thus bear direct comparison with them (Parkinson et al., 1971a, 
Parkinson et al., 1971b). 
Of the methods for viable counts available surface spread was 
chosen to avoid heat shock, simplify processing of large numbers of 
samples, allow for easy species subculturing and permit strictly aerobic 
growth. 
2.1.4 Problems associated with the total technique 
Not all the organisms present stain to the same degree either due 
to differences in their permeability to the stain or thelr stage of 
growth. Such differential staining may produce organisms which appear 
as 'ghosts' and which may easily be missed. A further factor in the 
production of 'ghost' cells may be the agar of the film and the 
position of the organisms in it. Those on the upper surface may receive 
more stain than those below and hence appear more brightly stained. In 
addition the agar is not 100% transparent and after drying may mask 
lightly stained organisms. Although the agar dries to a thin film, 
the very small depth of field associated with x100 oil immersion 
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objectives necessitates focussing up and down on each section of the 
counting grid to ensure observation of all organisms present. Size and 
shape of the organisms are extremely important in total counts of this 
kind. As the limit of discrimination of shape and colour using x1000 
magnification seems to be approximately 1 ~m while organisms down to 
0.1 ~m are known (Atlas and Bartha, 1981), it is likely that some 
organisms, especially the smaller cocci, will be omitted. Clumping of 
organisms and their similarity to and association with, debris makes 
counts much more difficult and will inevitably lead to inaccuracy. Both 
cocci and bacillary forms are difficult to enumerate in a mass and will 
obscure those behind. Chains of organisms are difficult to discriminate 
as individuals. All sample debris will conceal organisms and while 
high organic soils will show amorphous debris, the crystalline structures 
of high inorganic soils will appear refractive and may conceal organisms 
within this halo. 
2.2 METHODOLOGY 
2.2.1 The choice of media for the viable counting technique 
Many different media have been used to assess microbial populations 
in tundra regions (Rosswall, 1971, Holding et a1., 1974). In the 
present study media were chosen to allow some comparability with other 
tundra work, to fulfill some of the criteria described by Jensen (1968) 
and to provide the low nutrient status described by Trolldenier (1973). 
Obviously the most suitable medium for a viable count is that which 
produces the largest number of colonies from any given soil sample but 
reservations to this must include: 
1. The medium must not inhibit some groups of organisms. 
2. It must not encourage rapidly developing colonies at the expense 
of slower growers. 
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3. It should have an easily reproducible composition. 
4. It should be clear enough to allow observation of even small 
colonies. 
Viable fungal propagules were counted after incubation of the 
sample on Czapek-Oox (Difco) agar with filter sterilised aureomycin 
(at 50 mg/t) added to prevent the growth of bacteria. 
Viable bacteria were counted after incubation on Tryptone-Soya 
agar (Oxoid) but not at full strength as previously used in several IBP 
studies (Holding et al., 1974) as this was considered too rich a nutrient 
source (R.C. Campbell, pers. comm.). Instead a 10% concentration of 
TSA was used and filter sterilised cycloheximide (50 mg/l) added to 
inhibit fungal growth. Such a medium has also been used in a bacterial 
study in the maritime Antarctic (Wynn-Williams, 1979), and a similar 
medium (~ strength TSA) by Clarholm and Rosswall (1973). 
2.2.2 The choice of diluent for the viable counting technigue 
The diluting medium may affect the organisms present, their dis-
persal and hence the final count. Although water has been widely used 
(Anon, 1967) it is now generally considered that dispersal and preser-
vation is aided by dilution in an ionic medium, especially a cationic 
one. It has also been found that a low concentration of peptone (0.1-
0.05 %) has a buffering capacity and will preserve viability during 
dilution. 
Initially 0.1% peptone with 0.2% sodium hexametaphosphate (Clarholm, 
1974) (which will 'strip' bacteria from clumps) was used but because of 
the persistent froth produced during maceration this was dropped in 
September 1977 in favour of % strength Ringer's saline (Harrigan and 
McCance, 1966). 
2.2.3 Sampling dates 
At each of the main sites. (Mossbank and Grassland} a large number 
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of quadrats (200 at Grassland and 225 at I~ossbank) were marked out in 
rows and snowpoles used to aid quadrat location in winter. At as near 
monthly intervals as possible from February 1977 to January 1979 one 
core was removed from each of eight odd numbered quadrats at each site. 
These quadrats were chosen using random number tables (Fisher and Yates, 
1963) and restricted to odd numbers to avoid disturbing long term 
experiments in even numbered ones. The exact location of each coring 
site within a quadrat was also dictated by random number tables. Three 
cores were then chosen for microbiological investigations on an 
arbitrary basis and the remainder used to determine pH and moisture 
content. 
2.2.4 Sampling methodology 
All cores were taken by the vertical insertion of a clean, alcohol 
rinsed, thin walled, sharpened, stainless steel tube 3.75 cm in diameter. 
Seasonal variations in the method were necessary. In Summer - the most 
serious problem at both sites was core compaction. To try to make 
allowances for this the depth of the hole remaining and relative thick-
ness of the site components was noted in relation to the core after it 
had been removed from the corer. An additional problem at the Grassland 
was the crumbly nature of the soil during very dry periods making entire 
cores difficult to obtain. In Winter - coring became more difficult 
when the sites were frozen. Hand coring was found preferable to the 
low speed electric corer used by Wynn-Williams in the maritime Antarctic 
(1979) as this machine caused fragmentation of the cores. While the 
problem of compaction was not so apparent during the winter months depth 
measurements were again taken for comparative purposes. The main problem 
during winter months was that of stones in the Grassland soil damaging 
the corer. 
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2.2.5 Core removal and transport 
Cores were pushed from the corer into a tube of lay flat polythene 
which was then sealed. At this stage the core length was compared to 
the depth of hole and any discrepancy noted. The bags were then 
annotated and carefully packed before transport to the laboratory, 
normally in under an hour. On arrival the cores were stored overnight 
at +4°C unless they were frozen when taken in which case they were 
stored in that state. 
2.2.6 Subsampling 
Before further division of the cores was made the vegetation types 
present were noted and ascribed a percentage of the core surface area. 
For the first three months 10 g subsamples were used with 90 m1 of 
diluent to decrease the possibility of within core microsite effects. 
This became impractical due to lengthy maceration times and risk of 
cross contamination and was replaced in May 1977 by the following 
method: 
Each core was sectioned at the required depths (0-2 cm, 6-8 cm 
and 12-14 cm) on an alcohol-wiped metal plate using surface sterilised 
instruments (scissors and scalpel in summer and close-toothed hacksaw 
blade in winter). Subsamples of approximately 1 g were taken from the 
central axis of these sections and, after accurate weighing, were 
macerated in 99 m£ cooled, sterile diluent for 3 minutes in a surface 
sterilised MSE homogeniser at 10,000 rpm. It was intended that this 
homogenisation regime would be sufficient to disperse bacterial clumps 
from the different soil types (Jensen, 1968) without having the 
detrimental effect of heating the diluent found after prolonged 
homogenisation. 
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2.2.7 Further dilution 
This macerate was returned to the diluent bottle and allowed to 
stand for a short period (10 secs) so that large fragments of vegetation 
could settle. Using aseptic technique, 10 mt of this 10-2 dilution 
were taken from the midpoint of the dilution bottle and transferred to 
another containing 90 ~t of sterile diluent to give a 10-3 dilution. 
After this had been well mixed a further dilution was carried out in 
the same way giving a final 10-4 dilution. Cooled diluent was used 
throughout this procedure and the dilutions stored in a refrigerator 
prior to plating. 
2.2.8 The surface spread plating technigue 
For each subsample the method was as follows: 
Using a sterile pipette and aseptic technique, 0.1 ml portions 
of the 10-4 dilution were transferred to the surface of three agar 
plates of each of the media shown in Fig. 10. This procedure was then 
repeated for the 10-3 dilution. An alcohol-flamed glass spreader was 
then used to distribute the inoculum over the agar surface. from Fig. 
10 it can be seen that although most viable counts for bacteria and 
fungal propagules were made on 10% Tryptone Soya agar and Czapek-Dox 
agar respectively, on some occasions the counts were based on those 
from media intended to select for cellulolytic bacteria and fungi. It 
is considered that such counts are valid as the selective medium for 
bacteria was 10% Tryptone Soya agar with added precipitated cellulose 
while that for fungi was observed to show very similar numbers of 
colonies to Czapek-Dox agar. 
2.2.9 Incubation temperature and time 
After the inoculum had been absorbed the plates were annotated and 
inverted before incubation at 100 C. fungal colonies on the Czapek-Dox 
agar plates were counted after 10-12 days incubation under obliquely 
Fig. 10 Agar media used for viable counts during the study. (Shading indicates media usage) 
Media1: 
10~ Tryptone Soya 
Agar 
Czapek-Dox Agar 
Date: 
10~ 'Synthetic' Tryptone 
+ cellulose powder 
'Synthetic' Czapek 
+ cellulose powder 
'Ligninolytic' 
agar 
10~ 'Synthetic' Tryptone 
agar + precipitated 
cellulose 
'Synthetic' Czapek-Dox 
+ precipitated 
cellulose 
1~ Tryptone Soya agar 
+ precipitated cellulose 
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angled illumination and against a dark background. Bacterial colonies 
on the 10% Tryptone Soya agar plates were counted after 14 days 
incubation under an illuminated bench magnifier. 
2.2.10 Statistical analysis of the microbial populations 
In order to observe whether the variation in the monthly microbial 
counts represented a real seasonal change or were merely within the 
variation of the subsamples, a one-way analysis of variance was carried 
out on the data for the bacterial and fungal populations of each level 
of each site over the sampling period. 
In the one way analysis of variance there is one dependent or 
criterion variable and one independent variable and the test compares 
the computed f ratio (f=between groups mean square/within groups mean 
square) to the known sampling distribution of the f ratio. 
2.2.11 The Jones and Mollison slide technigu~ for the estimation of 
the total bacterial population 
following the removal of aliquots for the plate count method, the 
10-2 dilutions of all samples were kept overnight in the refrigerator. 
The next day thin agar films were made and stained following the method 
of Jones and Mollison (1948). 
Each 10-2 dilution was shaken and the larger pieces of debris 
allowed to settle (10 seconds) before 1 mt was removed and transferred 
to a MacCartney bottle containing 9 mt of sterile, filtered agar at 
500 C with which the sample was thoroughly mixed. A sterile dropping 
pipette was then used to transfer two or three drops of this molten 
10-3 dilution onto the central area of an improved Neubauer haemo-
cytometer slide and the cover slip added quickly before the agar 
solidified. 
When the agar had set the. cover slip was carefully slid aside and 
excess agar (which had overflowed into the side wells) carefully removed 
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with a razor blade. The remaining thin film of agar (plus diluted 
sample) was then floated free of the slide into a water bath from which 
it was removed onto a clean microscope slide and allowed to air dry. 
The micro-organisms in this fixed sample were then stained in Phenol-
Acetic-Aniline-Blue (Appendix 1) for one hour. After this time the 
excess stain was washed off with 95% alcohol and the slides dried and 
permanently mounted in 'Euparal'. In this way four agar strips were 
prepared per sample (72 strips per month). 
2.2.12 Criteria for observing stained slides 
The treatment that the organisms have received prior to their 
observation may result in alterations to their shape and staining 
response. This, together with the possible sources of error mentioned 
earlier, was minimised by the use of rigid criteria in the counting 
procedure: 
1. Staining. As counting only those organisms which have stained 
bright blue would introduce a subjective bias, all organisms which 
show blue/purple/mauve colouration were included provided they fitted 
the other criteria. 
2. Size and shape. If the stained material showed a regular bacillary 
or coccoid shape (with some allowance for preparation methods) it was 
considered bacterial down to the limit of discrimination. 
3. Use of a counting grid. A .square eyepiece grid (sub-divided into 
100) was used. Organisms falling on the 'North' and 'West' sides were 
counted while those on the 'South' and 'East' were excluded. 
4. Magnification of specimens. While it is desirable to perform all 
counts at the same magnification and using the same microscope, this 
was not possible and two instruments were used. Some counts were made 
using oil immersion at x1562 on a Leitz Orthoplan and .the remainder 
were made on a similar instrument but using oil immersion at x1000. 
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However, the same eyepiece grid was used in both and so compari&ns may 
be made. 
5. Illumination of specimen. Although the specimens were stained 
phase contrast microscopy was used during all counts. Frankland (1974), 
when studying stained fungal hyphae, reported bright field observations 
as 18-42% less than those made under phase contrast and considered 
'ghost' cells to be responsible. As it is very likely that a proportion 
of soil bacteria will exhibit a similar state, the use of phase contrast 
illumination seemed prudent. 
2.2.13 Determination of the number of fields to be counted 
The number of fields required for any count must depend on the 
distribution of the organisms within the sample and the number of 
organisms per field. As the distribution becomes more uniform and the 
number per field increases, the number of fields required will decrease. 
Previous workers have used widely different approaches. Jones and 
Mollison (1948) suggested using 20 random fields on each of four 
replicates, while Baker (1972a) counted five fields on six replicates 
(total 30). A similar method, (Anon, 1967), required counts of 10 
fields for each of duplicate smears whilst Clarholm and Rosswall.(1980), 
for this .method~ quote the need for at least 6 fields on each of 
duplicate slides. 
There are several ways to decide how many fields to count. One 
method is to plot the running mean, selecting the minimum number of 
fields as the point at which this mean stabilizes (Fig. 11). Another 
method is to plot the frequency of counts. As the number of fields 
increases a normal frequency distribution should emerge. The point 
where the lowest number of fields resembles the overall distribution 
should be chosen (Fig. 12). A .more statistically satisfactory method, 
based on the Standard Error (Standard deviat~on of Mean) 
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Fig. 11 Running means as a method of estimating the optimum number of microscope fields required 
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in Table 1. The minimum number of counts is taken to be when SE is 
less than 10% of the mean of the sample. 
Table 1. A statistical estimation of the number of microscope 
fields need~for a direct count (Data as Fig. 12) 
No. of fields counted S.E. as % of the mean 
5 16.3 
10 13.3 
20 9.9 
30 7.7 
40 6.8 
Using all these methods on a number of different samples, it was 
decided that 40 fields would be used, distributed evenly among the 
strips available for each sample. 
Because the number of fields required will only be sufficient for 
a given microscope magnification, when it became necessary to use a 
different instrument the number of fields also changed. With the first 
instrument used (x 1562) the eyepiece grid was calculated to cover an 
-5 
area of 2.5 x 10 sq cm while with the second instrument (x1000) an area 
-5 of 13.8 x 10 sq cm was covered by the same grid. As the second grid 
area is 5.5 times greater than the first many more bacteria were 
observed per grid and the number of grids required for the SE to be 
less than 10% of the mean was reduced. After trials with this system 
it was found that 20 fields would be a suitable sample as this gave a 
SE of 3-4% of the mean. 
As it was feared that the use of two instruments would significantly 
change the efficiency of counting and hence render the counts incomparable: 
two sets of counts (40 fields under x1562 magnification and 20 fields 
under x1000 magnification) were carried out on the same two strips from 
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the October 1977 sampling for comparison. 
2.2.14 The number of counts peformed and their analysis 
Although Jones and Mollison slides were made of all samples taken 
during the experimental period, the labour intensive nature of slide 
counts and difficulties with apparatus dictated that only a small per-
centage of them could be observed. Samples were chosen to provide 
comparative information on site, depth and seasonal variations and this, 
together with the number of fields counted, is outline in Table 2. 
From the total counts obtained from 39 samples the overall mean 
-1 and range of organisms per g dry wt were calculated together with the 
mean and range obtained from the upper parts of the sites only (29 
samples). These values may then be compared with similar statistics 
obtained for the viable counts of the same samples. 
In order to observe whether any variation in the viable bacterial 
population, by site, depth or season, is mirrored by the total 
bacterial population, a bivariate correlation analysis was performed on 
the data. 
2.3 RESULTS 
2.3.1 Results of the plate counts for both viable bacteria and viable 
fungal propagules 
The numbers for monthly counts of viable aerobic bacteria and 
viable fungal propagules from three depths of the Mossbank and Grassland 
sites are shown in Figs. 13-18 with fungal counts superimposed on 
bacterial ones. Each monthly point represents the mean of three core 
values each of which is the mesn of triplicate plates. The core mean 
was converted to numbers per gram dry weight of material by reference 
to the wet weight of the original sample and the moisture content of 
that depth (determined by the weight loss of sections of additional 
Table 2. Number of total counts using Jones and Mollison preparations 
(A-C refer to the three depths sampled) 
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Fig. 13 Viable bacteria and fungal propagules from the 0-2 cm layer of the Mossbank 
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Fig. 14 Viable bacteria and fungal propagules from the 6-8 cm layer of the Mossbank (legend as Fig. 13) 
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Fig. 15 Viable bacteria and fungal propagules from the 12-14 cm layer of the Mossbank (legend as Fiq. 13) 
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Fig. 16 Viable bacteria and fungal propagules from the Grassland litter layer (0-2 cm) (legend as Fig. 13) 
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Fig. 17 Viable bacteria and fungal propagules from the upper soil (6-8 em) of the Grassland (legend as Fig. 13) 
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Fig. 18 Viable bacteria and fungal propagules from the lower soil (12-14 cm) of the Grassland (legend as Fiq. 13) 
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cores dried for four weeks at 60 DC). Each core mean was then trans-
formed by converting to 10910 and the site mean and standard deviation 
obtained as the mean and standard deviation of these three 10910 values. 
Normally this would not be an acceptable way of presenting the data as 
the mean and standard deviation of the cores are usually obtained first 
and then transformed. However, as some cores showed consistently 
higher populations, it was suspected that the sites might not contain a 
normally distributed microbial population and that the best way to 
treat such clumped data would be to consider each core as a population 
and hence transform first. 
2.3.2 Results of the one-way analysis of variance on the viaWe count data 
This test shows whether the means of subsamples (cores) into which 
the data (site means) are split, are significantly different from each 
other (i.e. show seasonal variation). 
The results (Fig. 19) show the significance of the difference 
between monthly populations of viable bacteria and fungal propagules 
from each level of the Mossbank and Grassland. 
2.3.3 Results of the Jones and Mollison total counts and their relation-
ships with the viable bacterial populations 
The investigation into the validity of comparing total counts 
obtained using microscopes with different magnifications showed that 
counting 40 fields of the chosen slide under x1562 magnification gave a 
mean count of 10.43 x 1011 organisms/g dry wt-1 (95% confidence limits 
± 1.9 x 1011 ) while the results of the count of 20 fields from the same 
slide x1000 magnification gave a mean count of 11.63 x 1011 organisms/g 
dry wt-1 (95% confi~ence limits ± 0.8 x 1011 ). 
The overall mean obtained from the 39 counts shown in Table 2 was 
5.04 x 1011 organisms/g dry wt-1 with a standard deviation of 3.11 x 1011 
and range of 0.94 x 1011 (Lower soil sample from the Grassland 
- 51 -
Fig. 19 One-way analysis of variance to investigate whether there 
is a significant seasonal difference in the microbial 
populations 
Significance of the F ratio probability 
Population 
At the Grassland At the Mossbank 
Bacteria (0-2 em) NS * 
Bacteria (6-8 cm) *** NS 
Bacteria (12-14 em) ** * 
Fungi (0-2 em) *** *** 
Fungi (6-8 em) *** *** 
Fungi (12-14 cm) *** NS 
Significance of the probability: 
P < .001 = *** 
P > .001 < .01 = ** 
P > .01 < .05 = * 
P > .05 = NS (Not significant) 
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in midsummer) to 10.6 x 1011 (r.rassland litter sample taken in early 
winter). 
A comparison of the viable and total counts obtained on the 29 
occasions when samples from the upper parts of either Grassland or Moss-
bank were chosen showed that while the mean viable count was 71.84 x 106 
organisms/g dry wt-1 (Range from 0.73 x 106 to 314 x 106) the mean total 
11. -1 11 
count was 5.21 x 10 organlsms/g dry wt (Range from 2.1 x 10 to 
11 10.8 x 10 ). 
The results obtained from the correlation analysis of the viable 
and total counts from different depths of the sites and in different 
seasons, are shown in Fig. 20. 
2.4 DISCUSSION 
2.4.1 General discussion of the results 
The changes in the viable populations of bacteria and fungal 
propagules at three depths of each of the two main sites over the twenty 
three month sampling period are shown in Figs. 13-18 and are summarized 
in general terms in Table 3 and Fig. 21. Although some workers (Jensen, 
1968) have reported that using Ringer's solution as subsample diluent 
significantly reduces the number of surviving organisms this was no~ 
found to be the case with the % strength Ringer's solution (Harrigan 
and McCance, 1966) used from September 1977 as viable counts were not 
consistently lower after its introduction. 
The numbers of viable bacteria in the Grassland litter are high 
(mean: 50.8 x 106 g dry wt-1) in comparison with those in the soil below 
but, although there is a paucity of comparable data, still fall within 
the range shown by Ulehlova (1979) for the litters of a variety of 
meadow ecosystems at similar latitudes in the Northern hemisphere. 
Bacterial numbers in the upper soil (mean: 5.6 x 106 g dry wt-1), 
Fig. 20 Results of the Correlation Analysis between the Total and Viable bacterial populations 
All samples 
*** (+) N=39 
All Mossbank 
samples 
* (+) N=20 
All Grassland 
samples 
* (+) N=19 
All Upper Mossbank 
(0-2 cm) samples 
*** (+) N=15 
All Lower Mossbank 
(12-14 cm) samples 
NS N=5 
All Upper Grassland 
(0-2 cm litter) 
NS N=14 
All Lower Grassland 
(12-14 cm soil) samples 
NS N=5 
Where: N = Number of cases 
(+) or (-) = Sign' of Correlation Coefficient 
where significant 
Samples from the Upper Mossbank 
in early Winter 
*** (+) N=6 
Samples from the Upper Mossbank 
in Spring/Summer 
NS N=6 
Samples from the Upper Grassland 
in early Winter 
NS N=6 
Samples from the Upper Grassland 
in Spring/Summer 
*** (+) N=6 
Significance of Correlation Coefficient 
*** 
** 
* 
NS 
= 
= 
= 
= 
P < .001 
P > .001 < .01 
P > .01 < .05 
P > .05 (Not significant) 
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Table 3 The viable bacterial and fungal populations of the Mossbank and Grassland 
(all figures are given per g dry wt-1 and are derived from 23 monthly samples) 
Mossbank Grassland 
Depth Viable bacteria Viable fungal Depth Viable bacteria Viable fungal 
(em) (x10') propagules (em) (x10' ) propagules 
(X101) (x1 0 S ) 
0-2 Mean: 65.29 Mean: 15.36 Upper Mean: 50.81 Mean: 28.76 
Range: 1.6-256.7 Range: 0.33-41.6 litter Range: 4.1-136.8 Range: 1.33-123.0 (0-2) 
'6-8 Mean: 10.82 Mean: 4.74 Litter/ Mean: 5.64 Mean: 3.37 
Range: 0.98-41.3 Range: 0.69-17.7 soil Range: 0.52-28.8 Range: 0.29-8.37 (6-8) 
12-14 Mean: 8.01 Mean: 4.91 Soil Mean: 1.08 Mean: 0.87 
Range: 0.49-38.8 Range: 1.32-14.4 (12-14) Range: 0.25-2.35 Range: 0.11-2.45 
I 
I 
VI 
~ 
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Fig. 21 Comparison of Grassland and Mossbank Viable Bacterial (A.) 
and fungal (B.) populations with depth. (as means of 23 
monthly samples) 
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although higher than continental Antarctic counts reported by Cameron 
et ale (1970) for the dry valleys (max. of 0.3 x 106 g dry wt-1), are 
similar to numbers reported by Heal et ale (1967) for soil from a 
Deschampsia antarctica. Desv. gr~ssland at Signy Island in the maritime 
( 6 -3) Antarctic range: 1-16 x 10 cm • The South Georgia values may be 
compared with the lower end of the range listed by Widden (1977) for a 
mesic meadow on Devon Island in the high Arctic (12-481 x 106 g dry wt-1) 
but is well below the mean value (based on 3 or 4 seasons' data) of 
343 x 106 g dry wt-1 for a dry meadow site at Hardangervidda in Alpine 
Norway (Clarholm et al., 1975) and falls within the range shown for 
numerous Eurasian temperate meadow ecosystems by Ulehlova (1979). 
The numbers of viable bacteria in the 0-2 cm layer of the Mossbank 
(mean: 6.5 x 107 9 dry wt-1) are very similar to those found in the 
Grassland litter and are much greater than those found in an almost 
identical P. alpestre/C. aciphyllum mossbank at Signy Island (2.5 x 106 
9 dry wt-1) by Bailey and Wynn-Williams (1982). They are, however, 
similar to the results obtained from temperate bogs, for example in 
Western Ireland (max. 8.0 x 107, min. 2.5 x 106 g dry wt-1) or North-
Western England (max. 6.1 x 107, min. 1.1 x 105 g dry wt-1) (Holding 
et al., 1974). At both South Georgia sites the bacterial numbers 
decrease with depth, a feature shared with results from peats and 
meadow soils at sub-Arctic, cool temperate and most maritime Antarctic 
sites (Holding, 1981; Bailey and Wynn-Williams, 1982; Parinkina, 1974). 
Although most studies on fungal biomass quote results in metres 
of hyphae g-1, Bailey and Wynn-Williams (1982) give counts of 2.1 x 106 
and 8.9 x 105 viable propagules g dry wt-1 for the 0-3 and 3-6 cm 
layers, respectivel~ of a P. alpestre/C. aciphyllum mossbank on Signy 
Island. This compares favourably with the 1.5 x 106 and 4.7 x 105 
viable propagules g dry wt-1 found at corresponding depths at the South 
Georgia Mossbank. Their counts for a Deschampsia antarctica grassland 
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5 -1 of 1.2 and 1.4 x 10 viable propagules g dry wt ,for upper (1-5 cm) 
and lower (5-10 cm) soils respectively, also compare favourably with 
the 3.4 and 0.87 x 105 viable propagules g dry wt-1 obtained for similar 
levels of the South Georgia grassland and for counts obtained by 
Rehorkova & Ulehlova for six meadow soils in Czechoslovakia (Ulehlova, 
1979). A comparison of the numbers of viable fungal propagules in 
grassland litter is more difficult in that the diversity of environmental 
conditions and litter composition will support a very wide range of 
numbers of organisms. However, Ulehlova (1979) presents a table showing 
fungal numbers on grasses in Eastern USSR and in Czechoslovakia to be 
in the same order (106 g dry wt-1) as those from South Georgia grassland 
litter. 
Besides comparisons with other work a number of points are note-
worthy. Monthly variability in both bacteria and fungi is high, especially 
at the Mossbank but this decreases with depth at both sites. In the 
majority of cases, a change in the bacterial population is mirrored by 
the fungal population. At the 0-2 cm level of the Mossbank an increase 
in the occurrence of both viable bacteria and fungi is seen over the 
sampling period and although this is repeated at the lower levels for 
fungi, the bacteria show a relatively stable population. Although the 
Mossbank populations show variation in monthly samples there does not 
appear to be the annual trend that might be inferred from the Grassland 
results. At the Grassland the litter populations appear to decrease 
during the summer months with fungal populations showing this just 
ahead of the bacteria. Although not so pronounced, this trend in both 
fungal and bacterial populations may be followed at both the other 
depths. In common with the observations of Clarholm et ale (1975) for 
3 or 4 seasona data from Hardangervidda, these sites do not show the 
peaks in population that have been associated with thaw conditions in 
some tundra soils at Signy Island, Point Barrow and McMurdo Sound. 
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(Baker, 1970; Boyd, 1958; Boyd and Boyd, 1963). 
The one way analysis of variance on the viable data shows that at 
the Grassland while the viable bacteria in the litter layer do not show 
a significant seasonal difference the viable fungi in this layer do 
(P < .001) and both microbial populations show very highly significant 
seasonal variations at the lower levels. The Mossbank shows a more 
confused picture with the bacterial population showing no significant 
seasonal difference at the 6-8 cm level and only significant (P < .05) 
seasonal variation at the 0-2 and 12-14 cm levels. While the fungal 
population shows a very significant seasonal difference (P < .001) at 
the 0~2 and 6-8 cm depths, this becomes non-significant at the 12-14 cm 
level. 
The results of counting the same Jones and Mollison slide under 
two different magnifications suggests that it is valid to compare the 
two sets of data as the count under x1000 falls within the 95% con-
fidence limits of the x1562 count. 
A comparison of the mean total count for 29 samples of the upper 
Mossbank and upper Grassland together with other work in tundra.regions 
(Parinkina, 1974) shows the South Georgian figure t~ be high (1011 
9 -1) compared to 10 g dry wt and more comparable to the seasonal figures 
obtained for a wet meadow in coastal tundra at Barrow (1010 g dry wt-1) 
) ( 11 -1) (Bunnell et al., 1980 or the Norwegian wet meadow 10 g dry wt 
(Clarholm et al., 1975). However, if the ratio of viable: total 
counts is obtained for the same 29 samples, the results (1:7,252) falls 
within the range of 1:1,000 to 1:8,000 discussed by Bunnellet ale (1980) 
and although higher than many reported by Parinkina (1974) do not 
exceed the range she reported. 
The correlation analysis indicates that overall there is a very 
significant positive correlation (p < .001) between total and viable 
bacterial populations although this might be a statistical artifact 
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brought out by the large number of samples (39). Even so there is still 
a significant positive correlation (P < .05) between total and viable 
samples from each site. The upper Mossbank total and viable populations 
show a very highly significant positive correlation but this is not 
seen either lower in the same site or at all at the Grassland. Further 
division of the upper parts of each site shows the interesting result 
of a very highly significant positive correlation between total and 
viable bacterial populations at the upper Mossbank in early winter but 
not in the spring/summer period and a complete reversal of this 
situation at the upper Grassland. 
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CHAPTER 3 
THE RELATIONSHIP BETWEEN MICROBIAL POPULATIONS AND THE ENVIRONMENT 
- 61 -
3.1 INTRODUCTION 
3.1.1 General introduction 
Changes in the microbial biomass of a tundra ecosystem have 
important effects on nutrient availability, both for plants and other 
soil organisms. There has so far been little critical examination of 
the connection between edaphic factors and seasonal estimates of the 
microbial populations or of how substrate quality might affect them. 
Statistical comparisons in this field should assist our understanding 
of the relative importance of various environmental variables in 
controlling the viable bacterial and fungal populations. 
3.1.2 Statistically based associations within the data 
The following analytical methods were used, from the Statistical 
Package for the Social Sciences (SPSS), (1975), to relate the microbial 
populations to the edaphic variables: 
A. Bivariate Correlation 
This analysis provides a correlation coefficient which indicates 
. .• linea.r 
the degree to wh1ch change 1n one var1able is related tOLchange in 
another. In addition the correlation coefficients provide an easy means 
of comparing the strength of relationship between one pair of variables 
and a different pair. 
Scattergram is the bivariate analysis used when interval, rather 
than ordinal or nominal, variables are present. The Pearson product-
moment cor.relation coefficient (r) produced indicates the 'goodness of 
fit' of the regression and the sign of r denotes the character of the 
relationship of the variables. From r the significance of the association 
may be calculated for N-2 degrees of freedom (where N is the number of 
cases). 
NonPar Corr is a nonparametric correlation subprogram and hence 
makes no assumptions about the distribution of cases on the variables. 
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These statistics require only an ordinal level of measurement and a 
large number of categories on each of the variables and are designed to 
determine whether two rankings of the same cases are similar. Two 
correlations, Spearman's rho and Kendall's tau, are computed together 
with their statistical significance and the number of cases on which 
the coefficient was computed. The Spearman coefficient is used being 
more applicable in the case of more or less continuous data than 
Kendall's coefficient. 
B. Multiple Regression 
To evaluate the contribution of a particular independent variable 
with the influence of other independent variables controlled, a multiple 
regression analysis was used. 
Regression is the SPSS programme used with forward (stepwise) 
inclusion of the independent variables. The variable that explains 
the greatest amount of variance in the dependent variable is entered 
first, that which explains the greatest amount of variance in con-
junction with the first will enter second and so on. The significance 
of each variable is assessed from tables of the variance ratio. 
3.2 METHODOLOGY 
3.2.1 Measurement of edaphic factors 
A number of edaphic variables were monitored, both on and close by 
the main sites, over the experimental period. Soil samples for moisture 
and pH were collected on each microbiological sampling date. 
A. Moisture The total water content of each soil level (0-2, 6-8 
and 12-14 cm) from each site was determined by drying at 600 C for a 
month. As far as possible triplicate measurements. were made each month. 
Moisture content was calculated as a percentage of the fresh weight. 
B. £tl Each month the pH of the three levels from each site was 
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measured by a glass electrode on a homogenised slurry of fresh core 
sections in distilled water. Recognising that pH values increase with 
increasing dilution (Krupskiy et al., (1969), Allen et !!., (1974» a 
dilution of a 2 cm core section with 200 mt of distilled water was used 
giving a soil/water ratio of approximately 1:9 by volume. After May 
1978 3 cm cores, instead of the previous 2 cm, were macerated with 
& 
200 mt of distilled water (ratio of 1:6). Mean values with 95% con-
fidence limits, are shown in fig. 24. 
C. Temperatures Air and soil temperatures were monitored using 
permanently positioned thermistors which formed part of the automatic 
micrometeorological data logging system. Although such a system was 
installed at each site only a short period of reliable information is 
available from the Mossbank as this equipment was damaged by wind early 
in the programme. 
The Grassland micrometeorological system had thermistor temperature 
probes in the air (+50 cm and +5 cm), in the litter layer and in the 
soil (-5, -10 and -20 cm). Information from each probe was recorded 
on cassette tape at 5 minute intervals for most of the 2 year 
experimental period. Data accuracy with this system is discussed by 
Walton (In prep.). To simplify usage of this large data set, readings at 
the daily synoptic hours (00, 03, 06, 09, 12, 15, 18 and 21 houra) 
were abstracted for the temperature of the litter layer, aoil -5 cm 
and soil -10 cm and this information divided into 10 day periods. The 
absolute maximum, mean daily maximum, overall daily mean, mean daily 
minimum and absolute minimum temperatures for each of these periods 
were then calculated (fig. 25). 
D. Rainfall The monthly rainfall figures shown in fig. 26 are from 
daily measurements made with a standard rain gauge at the British 
Antarctic Survey meteorological station at Grytviken, approximately 
5 km from the Grassland. 
& Such dilution has been shown to give a pH change of approx. 0.2. 
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3.2.2 Statistical analysis of the relationship between microbial 
populations and edaphic variables 
To investigate the importance of particular edaphic factors in 
controlling microbial numbers a series of statistical analyses were 
performed using the methods already described. 
Data files were assembled from the microbial and edaphic data 
recorded for each depth (0-2, 6-8 and 12-14 cm) of each site (Mossbank 
or Grassland) for each of the 23 monthly samples. Details of these are 
shown below together with abbreviations which will be used in subsequent 
sections: 
1. The mean Log10 of the viable bacteria of triplicate monthly samples 
(as Nos. viable bacteria/g dry wt-1) - LOGBACT. 
2. The mean Log10 of the viable fungal propagules of triplicate monthly 
samples (as Nos. fungal propagules/g dry wt-1) - lOGfUNG. 
3. The standard deviations of lOGBACT and lOGfUNG - SDBACT and SorUNG. 
4. Three depths (0-2, 6-8 and 12-14 cm) are considered at each site 
- DEPTH. 
5. The moisture present considered as a percentage of the fresh weight 
- % MOISTURE. 
6. The hydrogen ion concentration of the sample locale-PH. 
7. The rainfall (in mm) (measured at the nearby BAS base) in the 2, 
10 and 30 day periods prior to sampling- RAIN 2, RAIN 10 and 
RAIN 30. 
8. The absolute maximum and minimum temperatures (in GC) of the 
substrate in the 10 day period prior to sampling - ABSMAX and 
ABSMIN. 
9. The means of the daily maximum snd minimum temperatures (in GC) 
of the substrate in the 10 day period prior to sampling - MEANMAX 
andMEANMIN. 
10. The overall mesn temperature (in DC) of the substrate in the 10 day 
period prior to sampling - MEAN. 
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3.2.3 The relationship between vegetation type and microbial population 
In order that the importance attached to the plant species present 
may be assessed in terms of the proportion of the site covered by that 
vegetation, the mean cover of the sites is presented (Table 4). This 
is formed from the species lists of the sampling quadrats (200 and 225 
sq m at Grassland and Mossbank respectively) compiled by Dr R.I.L. Smith 
at the sites' inception in 1977. Although mean cover is presented as 
a percentage the totals may exceed 100% as the census was not carried 
out at ground level and some vegetation types overlie others. This is 
especially true of the grasses Festuca contracta and Phleum alpinum, 
the lichens and the dwarf shrub Acaena magellanica at the Grassland 
and, to a lesser extent, the lichens and the rush Juncus scheuchzerioides 
at the Mossbank. As mean monthly counts at each site are based on 
three cores with known vegetation cover it is possible to investigate 
the relationship between substrate (i.e. plant species) and microbial 
population. 
At each sampling occasion the vegetation constituting the surface 
of each core (11 sq cm) was noted and each species allocated a percent-
age of that area. As means for each of the three monthly site cores 
were obtained from triplicate agar plate counts it is possible to 
relate accurate counts of three depths of each core to the vegetation 
of that core. A computer file was created which contained the 
information: date, site, quadrat number, viable bacterial and fungal 
numbers at 0-2, 6-8 and 12-14 cm depths and the relative percentages 
of the major vegetation types present in each core. 
As vegetation cover did not show a normal distribution the analysis 
used was the nonparametric bi-variate correlation (NonPar Corr) and 
the significance and sign of the Spearman product-moment correlation 
coefficient was calculated for the bacterial and fungal populations of 
both sites with the vegetation present. 
Table 4. 
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Mean vegetation cover at the Grassland and Mossbank 
(Based on species lists prepared by Dr R.I.L. Smith 
in 1977 for the 200 Grassland and 225 Mossbank quadrats) 
Mean Standard 
Grassland species cover (~~) deviation 
Chorisodontium aciphyllum 68.4 7.5 
Festuca contracta 40.3 34.1 
Cladonia rangiferina 15.0 7.8 
Polytrichum alpinum 6.9 4.9 
Acaena magellanica 2.9 2.7 
Phleum alpinum 2.9 3.6 
liverworts c. 5.0 
Other lichens c. 5.0 
Rostkovia magellanica c. 1 to 2 
Mossbank species 
Polytrichum alpestre 68.4 13.6 
Juncus scheuchzerioides 22.8 8.6 
Chorisodontium aciphyllum 21.1 8.B 
Liverworts· c. 5.0 
Lichens c. 5.0 
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In addition to the correlation analyses a stepwise multiple 
regression was carried out on the data using Regression, the same SPSS 
sub-programme used previously. In this analysis the independent 
variable accounting for the greatest amount of variance of the 
dependent variable is entered first, then-that which in conjunction 
with the first explains the greatest variance and so on. The sig-
nificance of the variance ratios can then be assessed from tables as 
each independent variable is entered and their contribution assessed. 
3.2.4 Preferential selection of vegetation during the experimental 
period 
As an adjunct to the statistical analyses the bi-variate 
correlation, Scattergram, was also used to investigate the possibility 
that longterm changes in the microbial populations, such as that 
exhibited by the fungal population at the Mossbank, might not be a 
natural phenomenon but caused by the preferential selection or rejection 
of certain vegetation types (with which the populations might be 
related) as monthly sampling progressed. 
3.3 RESULTS 
3.3.1 Seasonal patterns in environmental variables 
The moisture contents of the Mossbank and Grassland sites are 
shown in figs. 22 and 23 respectively. Curves have been fitted to the 
data by eye to represent seasonal changes and both aites show distinct 
annual patterns of high water content in winter followed by dry 
periods in the summer. These patterns are not, however, reflected so 
markedly in the monthly rainfall trends (fig. 26) since much of the 
winter precipitation is as snow. The open texture of the upper layers 
at the Mossbank ensures that they will dry out more in summer than 
deeper parts. The organic content of all the layers of the Mossbank 
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considered is similar (Appendix 2) and this e~plains the very similar 
moisture contents shown by the lower layers. The Grassland also 
reflects these annual trends. It shows, however, a decrease in moisture 
with depth at all times of the year, related to the decrease in organic 
content with depth (Appendix 2). 
The seasonal pH changes of the Mossbank and Grassland sites are 
shown in Fig. 24 as means of the depths observed +/- 95% confidence 
limits. The pH ranges,although strongly acidic, agree with the range 
reported by Smith and Walton (1975) of pH 3.5-4.5 for organic soils 
and 4.2-5.2 for brown soil types. The relatively acid conditions 
recorded at the Grassland may be a consequence of the high cryptogamic 
content of this community. Values after May 1978 may appear more 
acidic than they were due to the change in dilution factor. 
The seasonal temperature variations at three depths of the 
Grassland site are shown in Fig. 25. The data has been abstracted 
from records obtained from the automatic micrometeorological logging 
system. Although similar equipment at the Mossbank was damaged early 
in the programme it has been possible to compare air and soil temp-
eratures from both sites over a short summer period (11 days from 
29/1/1977 to 8/2/1977). The results of this comparison are shown in 
Appendix 3. Correlations between the sites' daily maxima and minima 
show very highly significant positive relationships (p < .001), 
especially at depth and in the air (+ 50 cm), indicative that the sites 
behave similarly to incoming radiation. It is thought that the less 
significant correlations seen at the surface (between max. temps. 
p < .05, between min. temps. p < .01) reflect the difference in 
vegetation between the sites. This is supported by the graphs of 
synoptic means which show that while the sites respond similarly, the 
Mossbank does so in a more extreme manner than the Grassland. The 
similarities between the sites were seen as sufficient justification 
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Fig. 24 Seasonal pH changes at the two main sites (means of all depths 
+/- 95?~ confidence limits) 
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Seasonal variation in temperature at three depths of the Grassland site 
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for using Grassland micrometeorological data in relationship to data 
on the Mossbank microbial populations. 
The seasonal variation in rainfall is shown in Fig. 26, and while 
it does not follow the pattern of soil moisture, it illustrates that 
precipitation may be high at any time and that subsequent months may 
receive very different rainfalls. Comparing these figures with means 
obtained from twenty years of rainfall data (Appendix 4) shows some 
excessively high monthly totals but in general a range within the 
expected limits. 
3.3.2 Qualitative comparisons between microbial populations and 
edaphic variables 
A visual comparison between the seasonal variations in the 
numbers of viable bacteria and viable fungal propagules at the Grass-
land site (Figs. 16-18) and the moisture curves (fig. 23) suggests a 
correlation between the two. As moisture, which is temperature related 
at both these well drained sites, decreases during the summer periods 
there is a trend towards lower numbers of both viable bacteria and 
fungal propagules in the Grassland litter (Fig. 16). A similar trend 
is also discernible at the two deeper layers sampled at the Grassland 
(figs. 17 and 18). The increasing mineralization with depth of these 
layers of the Grassland (Appendix 2) is reflected in the reduced 
numbers of both viable bacteria and fungal propagules shown in Table 3. 
The viable bacteria and fungal propagules from the three levels 
sampled at the Mossbank (figs. 13-15) do not appear to show such a 
trend with moisture (Fig. 22) and indeed the fungal propagules at esch 
depth appear to increase throughout the sampling period. Although the 
viable bacterial and fungal populations at the 6-8 cm level are 
consistently lower than those at the 0-2 cm layer the decrease is not 
in the same order as that at the Grassland and there does not seem to 
fig. 26 Seasonal variation in monthly rainfall (measured at Grytviken) 
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be a significant decrease below this (Table 3). Such consistency of 
population may be due to the similarity of moisture contents between 
the two levels which in turn is related to the organic contents 
(Appendix 2) and their water holding capacity. The seeming independence 
of the Mossbank to seasonal changes in moisture may suggest that more 
hardy populations are present or, more likely, that there is always 
sufficient water for the growth of micro-organisms there while it 
becomes limiting at times at the Grassland. 
Although the apparent trend towards acidity at the Mossbank (Fig. 
24) could be linked with increased numbers of viable fungal propagules, 
such pH trends are also observed at the Grassland site without a con-
commitant increase in fungal population. It is, however, worth noting 
that at both sites the pH is consistently more alkaline in summer than 
in winter suggesting the elution of waste products of both vegetation 
and organisms when free drainage is possible. 
As temperature (Fig. 25) and moisture (Fig. 23) are closely 
related at the Grassland it is impossible to differentiate between their 
effects on the seasonal variations of the microbial populations. 
However, the Mossbank, where it has been suggested that moisture does 
not become limiting and which has been shown to have similar trends in 
temperature to the Grassland, does not appear to show the fluctuations 
in population which might be construed as indicating temperature 
dependence. 
lastly the monthly rainfall (Fig. 26), and here too there are no 
obvious correlations between the monthly totals and the microbial 
populations at either site. 
3.3.3 The statistical analysis of the. relationships between microbial 
populations and edaphic variables 
The results of the parametric bi-variate correlation analysis 
between the microbial populations and all the edaphic variables are 
Table 5. The statistical significance of the correlations between viable microbial numbers and edaphic variables 
GRASSLAND 
MOSSBANK 
DEPTH 
*** LOGBACT 
*** 
LOGfUNG 
*** 
LOGBACT 
NS 
LOGfUNG 
III 
'0 
MOISTURE 
*** 
+ 
*** 
+ 
NS 
NS 
PH 
* 
+ 
** 
+ 
NS 
* 
+ 
RAIN 
2 
NS 
NS 
NS 
* 
+ 
Sign of correlation: given as + or -
only if it is significant. 
RAIN 
10 
NS 
NS 
NS 
* 
+ 
RAIN 
30 
NS 
NS 
NS 
NS 
ABS-
MAX 
NS 
NS 
NS 
NS 
MEAN-
MAX 
NS 
* 
NS 
NS 
MEAN 
* 
* 
NS 
NS 
Statistical significance of 
Correlation Coefficients 
MEAN-
MIN 
*** 
** 
* 
NS 
ABS-
MIN 
*** 
** 
** 
NS 
p < .001 = *** 
p > .001 < .01 = ** 
p > .01 < .05 = * 
-..,J 
0\ 
p > .05 = NS (not significant) 
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shown for each site as Table 5. Information from the three depths is 
presented together and depth is considered as a separate independent 
variable to show its importance. Table 6 provides additional information 
on the relative importance of depth at each of the sites from another 
bi-variate correlation analysis. 
Table 6. The significance of the correlations between depth, 
microbial numbers and two edaphic variables at the sites 
01 
lOGBACT SOBACT lOGFUNG SOFUNG MOI~TURE PH 
Increase in 
*** * NS NS *** NS 
depth at the 
- - + 
Mossbank 
Increase in 
*** *** *** ** *** * 
depth at the 
- - - - - -Grassland 
Sign of Correlation: Statistical p < .001 = *** 
Given as +/- only if Signi ficance p > .001 < .01 = ** 
signi ficant of the p > .01 < .05 = * 
Correlation p > .05 = NS (Not sig.) 
Coefficient 
Bi-variate analyses were also carried out to observe whether there 
had been a significant overal~ increase or decrease in lOGBACT, LOGFUNG, 
~ MOISTURE, PH, RAIN 2 or RAIN 10 at either site during the experimental 
period. Of these only one was significant:- LOGFUNG at the Mossbank. 
This very highly significant positive correlation (p < .001) indicated 
an increase in fungal numbers over the sampling period. 
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In order to see whether there might be an association between 
LOGBACT and LOGFUNG a correlation for the two for all depths at each 
site was carried out. This showed a highly significant positive 
correlation (p < .01) between the two at the Mossbank and a very highly 
significant positive correlation (p < .001) at the Grassland. 
Multiple regression analysis has also been carried out on the 
microbial and edaphic data and the results, using either LOGBACT or 
LOGFUNG as the dependent variables and all other factors (including 
the microbial population not designated dependent) as independent, are 
shown fully in Tables 7 and 8. 
To see whether the omission of important variables from the 
regression analysis .would cause others to gain importance or cause a 
rearrangement of an established order, the analyses were repeated but 
with the omission of the independent microbial variable and DEPTH in 
each case and dropping the 5% level of significance. At the Grassland 
% MOISTURE is established as the only independent variable of any sig-
nificance (0.1%) on both LOGBACT and LOGfUNG. While RAIN 30 shows sig-
nificance at 1% on LOGFUNG at the Mossbank, no independent variables 
show the required level of significance on LOGBACT at this site. 
Finally, these analyses may be taken a step further and the 
information used in the last regressions subdivided into the three 
depths sampled at each site and then re-analysed. When this is done to 
the Grassland data the sole importance of % MOISTURE is maintained for 
both LOGBACT and LOGFUNG at the intermediate level (upper soil) only. 
For LOGBACT no factors reach 1.0% significance at the upper (litter) 
level and this significance is shown by only MEANMAX in the lower soil. 
For LOGFUNG ABSMAX shows 1.0~ significance at the upper (litter) layer. 
A simi~approach to the Mossbank data reveals that no independent 
variable reaches the 1.0% significance level for LOGBACT or LOGFONe at 
any of the three levels (0-2, 6-8, 12-14 cm) sampled. 
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Table 7. Stepwise multiple regression analysis of LOGBACT and LOGFUNG 
from the Grassland against all other variables 
Dependent Ranked Independent Significance of the 
Variable Variables Variance ratio 
LOGBACT 1 LOGFUNG O.Ho 
2 DEPTH O.Ho 
3 ABSMIN 1.0% 
4 RAIN 2 NS 
5 % MOISTURE NS 
6 RAIN 30 NS 
7 MEAN MAX NS 
8 ABSMAX NS 
9 MEAN NS 
10 PH NS 
11 RAIN 10 NS 
12 MEANMIN NS 
LOGFUNG 1 LOGBACT 0.1% 
2 % MOISTURE 1.0% 
3 RAIN 10 NS 
4 ABSMIN NS 
5 ABSMAX NS 
6 DEPTH NS 
7 RAIN 30 NS 
8 PH NS 
9 MEANMIN NS 
10 RAIN 2 NS 
11 MEAN NS 
12 MEANMAX NS 
NS = Not significant 
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3.3.4 The statistical analysis of the relationships between microbial 
populations and vegetation cover 
The results of the non-parametric bi-variate correlation analysis 
between the microbial populations and the relative percentages of the 
major vegetation types are shown in Table 9. Part A shows the results 
for the three levels sampled at the Mossbank while part B shows those 
from the three Grassland layers. 
Using the stepwise multiple regression analysis on the data from 
the Mossbank with the viable bacterial population as the dependent 
variable, then only J. scheuchzerioi~es shows any significance at the 
0-2 cm level (0.1%) and only marginal significance (5%) at the 6-8 cm 
level. With the viable fungal population as the dependent variable, 
the results show marginal significance (5%) for one variable at each 
depth; P. alpestre at 0-2 cm and C. aciphyllum at 6-8 and 12-14 cm. 
At the Grassland, if the viable bacterial population is the dependent 
variable significance is shown by F. contracta (0.1%) and Cladonia sp. 
(5%) in the upper level only. No relationships are seen between the 
viable fungal population and vegetation. 
3.3.5 Results of the analysis to investigate possible preferential 
selection of vegetation during the experimental period. 
Parametric bi-variate correlation analysis was used to observe 
whether any particular vegetation type was preferentially selected or 
rejected over the two year sampling period. The results of this 
analysis are given in Table 10 and discussed in 3.4.3. 
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Table 9. Non-parametric bivariate correlation analysis of microbial 
populations with vegetation cover at both sites 
A. Mossbank 
Vegetation 
Juncus Polytrichum Choriso- Cladonia 
Depth scheuch- alpestre dontium sp. (cm) zerioides aciphyllum 
0-2 *** *** ** NS 
Viable + + 
bacteria 6-S *** 
+ 
* NS NS 
12-14 NS NS NS NS 
Viable 0-2 NS * NS NS 
fungal 6-8 NS * ** NS propagules + 
12-14 NS * *** 
+ 
NS 
B. Grassland 
Festuca Juncaceae Poly- Choriso- Cladonia 
Depth contracta trichum don ti um sp. (cm) alpinum aciphyllum 
0-2 *** NS NS *** NS + 
Viable 6-8 NS NS NS NS NS bacteria 
12-14 NS * 
+ 
** NS NS 
0-2 NS NS NS NS NS 
Viable 
fungal 6-8 NS NS NS NS NS 
propagules 
12-14 NS NS NS * + NS 
The significance of the Spearman 
correlation coefficient shown as: 
The sign of the correlation 
coefficient is shown if 
*** = p < .001 p < .05 
** = p > .001 < .01 
* = p > .01 < .05 
NS = p > .05 (not significant) 
Table 10. Preferential selection of vegetation during the experimental period 
Vegetation 
Festuca Juncus Polytrichum Chorisodontium Cladonia 
con tract a scheuchzerioides sp. aciphyllum sp. 
Grassland NS NS NS NS NS 
Site 
Mossbank Vegetation NS ** ** NS 
absent + 
The significance of the Pearson 
Correlation Coefficient is shown as: p < .001 = *** 
p > .001 < .01 = ** 
The sign of the Correlation 
Coefficient is shown as +/-
only if it is significant. 
p > .01 < .05 = * 
p > .05 = NS (not significant) 
CD 
~ 
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3.4 DISCUSSION 
3.4.1 The relationship between microbial populations and edaphic 
variables 
At the Grassland LOGBACT and LOGfUNG show very highly significant 
negative correlations with DEPTH and very highly significant positive 
correlations with ro MOISTURE (Table 5). The decrease in % MOISTURE with 
DEPTH (p < .001, Table 6) and decrease in organic matter (or increase in 
mineralization) with depth (Appendix 2), further support the observation 
made earlier that increased microbial numbers appear to be associated 
with increased organic matter and/or increased moisture. 
A similar picture is not, however, seen at the Mossbank. While 
ro MOISTURE shows a significant increase with DEPTH (p < .001, Table 6) 
and the amount of organic material present does not alter appreciably 
(Appendix 2), LOGBACT shows a very highly significant decrease with DEPTH 
which may reflect a decrease in available nutrients at lower levels. 
LOGfUNG shows no correlation with DEPTH and this may be seen to reflect 
the mycelial growth pattern which will have no physical boundaries at this 
site and which will occupy the transverse and vertical interstices of the 
moss shoots. The absence of a significant relationship between lOGBACT 
or lOGFUNG with ro MOISTURE at this site suggests that sufficient water is 
available at all depths, even during the summer, snd that this in turn 
may be connected to the high organic content found throughout the profile 
(Appendix 2). 
Both the Grassland LOGBACT and LOGFUNG show significant positive 
relationships with PH (p < ~05 and p < .01 respectively). Whilst in 
general bacteria prefer a pH nearer neutrality, fungi usually prefer more 
acid conditions. The strong relationships between LOGBACT and lOGFUNG and 
~ MOISTURE and ~ MOISTURE and DEPTH, would lead us to expect higher micro-
bial numbers in the upper levels. This relationship is seen in Table 6 
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(p < .001), together with the significant negative relationship between 
PH and DEPTH (p < .05). It is perhaps possible that the significant 
positive relationship between LOGBACT and LOGFUNG and PH is related more 
to the analysis technique than to the field situation. Unfortunately, 
the significant positive correlation (p < .05) between LOGFUNG and ~H at 
the Mossbank cannot be explained in this way as PH does not alter sig-
nificantly with DEPTH and there is a very highly significant positive 
correlation between % MOISTURE and DEPTH (Table 6). 
At the Grassland both microbial populations show very significant 
correlations with the lower temperature regimes. That these relation-
ships are negative (i.e. increased numbers of organisms are related to 
lower, not higher, temperature regimes) is at first surprising until one 
considers that at this site the moisture is very important and that 
moisture and temperature are related (increased temperature will increase 
evaporation and hence lower moisture content). At the Mossbank only 
LOGBACT seems to follow a similar, though less significant, trend and as 
% MOISTURE is not a significant influence at this site such a relationship 
might reflect a true temperature response. Rainfall does not appear to 
be an important factor in microbial population changes at either site and 
only an increase in more recent precipitation has a significant correlation 
with increased LOGFUNG at the Mossbank (p < .05). The reason for this 
is not immediately obvious and even the idea of increased sporulation is 
unlikely in view of the absence of such observations at the other site. 
The importance of depth is brought out in Table 6 and while some 
correlations have been considered they may be clarified by reiteration. 
The very highly significant negative correlations shown by both LOGBACT 
and LOGFUNG with depth at the Grassland have been connected to increased 
mineralization and the significant decrease in moisture content that 
this would cause. It is interesting that the SDBACT and SOFUNG are also 
very significantly negatively correlated with depth and this too is seen 
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as a result of increased mineralization leading to the sampling of more 
homogeneous microbial populations with depth. 
At the Mossbank the very highly significant negative correlation 
shown by LOGBACT with depth may be linked to nutrient availability but 
does not appear to be linked to increasing moisture as this is positively 
correlated with depth (p < .001). Again here, the significant 
correlation (p < .05) between SDBACT and depth may be due to a more 
homogeneous bacterial population. That LOGFUNG and SDFUNG show no sig-
nificant correlations with depth at this site may reflect the mycelial 
ability to absorb nutrients in one place while sporulating elsewhere. 
PH does not change significantly with depth at the Mossbank but becomes 
more acid with depth at the Grassland (p < .05). 
The increase in LOGFUNG at the Mossbank is interesting in that it is 
the only variable to show such a trend but as yet it is not possible to 
offer an explanation for this. Neither is it as yet possible to explain 
the very significant positive relationships seen between LOGBACT and 
LOGFUNG at both sites without additional data. 
While there are similarities between the results of the multiple 
regression analyses and the bi-variate correlations it is very unlikely 
that they will be the same as in the regression analysis it is the 
additive function of the variables in the equation which is assessed 
rather than a simple association. At the Grassland (Table 7) the only 
three significant factors affecting LOGBACT are, in order of importance, 
LOGFUNG, DEPTH and ABSMIN (0.1, 0.1 and 1.0~ respectively). LOGFUNG at 
this site are influenced to a significant degree by two variables -
LOGBACT (0.1~) and ~ MOISTURE (1.0~). The Mossbank regression (Table 8) 
shows that only two independent variables - DEPTH snd LOGFUNG (in that 
order) show a significant influence on LOGSACT (0.1 and S~ respectively) 
while RAIN 30 followed by LOGBACT (1 and S~ respectively) are the only 
significant factors affecting LOGFUNG. So far the analysis has 
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reinforced the correlations of Tables 5 and 6 with the unexpected 
inclusion of RAIN 30 for LOGfUNG at the Mossbank and omission of % 
MOISTURE as important to LOGBACT at the Grassland. 
further analysis without the independent microbial variable and 
dropping the 5% level of significance established % MOISTURE as the 
only independent variable of any significance (0.1%) on both LOGBACT and 
LOGfUNG at the Grassland. At the Mossbank only RAIN 30 maintains a 1% 
significance level on LOGfUNG. further division of the data .by depth 
before analysis fails to clarify the Mossbank results and while showing 
the importance of % MOISTURE to LOGBACT and LOGfUNG at the intermediate 
level of the Grassland, throws up ABSMAX and MEANMAX as significant at 
1.0% to LOGfUNG and LOGBACT in the lower level respectively. 
While a paucity of similar analyses makes it difficult to compare 
this with other work, the reports of several authors overlap with this 
study. Bissett and Parkinson (1979a), while studying the distribution 
of fungal species from three diverse alpine tundra sites by factorial 
analysis, noted the strong influence of depth and while studying the 
functional relationship between soil fungi and environment at the same 
sites (Bissett and Parkinson, 1979b) considered temperature, moisture, 
available potassium and soil pH as the most important variables of the 
13 studied. They also discussed the difficulty of separating the 
temperature and moisture effect. Dowding and Widden (1974) used a 
correlation matrix to determine the importance of eleven environmental 
parameters on fungal mycelial length from 21 IBP sites from polar to 
temperate moorland and found pH, moisture and organic matter content most 
important. Holding et ale (1974) attempted a number of analyses to link 
viable bacterial counts from the litter of 34 IBP tundra sites with 
physical and chemical characteristics of the soil and with selected 
vegetational and climatic factors. Their regression on site component 
values suggested that the aerobic viable count is related exponentially 
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to the available calcium and phosphorous (not measured in the South 
Georgia programme), pH and the quantity of soil organic matter (which is 
also associated with the temperature and moisture conditions). 
3.4.2 The relationships between microbial populations and vegetation 
cover 
Although it has been possible to explain some of the changes seen 
in the viable bacterial and fungal populations in terms of the edaphic 
variables measured, much of the month to month variations in the 
populations cannot be accounted for in this way and analyses were carried 
out to investigate whether the change in substrate quality, as seen in 
changing proportions of the plant species present, would account for 
them. 
The non-parametric bi-variate correlation analyses are shown in 
Table 9. The Mossbank results (Table 9.A) show that at the 0-2 cm level 
there are very highly significant correlations (p < .001) between viable 
bacteria and both the rush Juncus scheuchzerioides and the moss 
polytrichum alpestre although the former is positive and the latter 
negative. There is also a highly significant positive correlation 
(p < .01) between the bacterial population and the moss Chorisodontium 
aciphyllum. The positive correlation with J. scheuchzerioides and 
negative with P. alpestre are continued at the 6-8 cm level (p < .001 and 
p < .05 respectively) although C. aciphyllum loses significance at 
this point. At 12-14 cm none of the vegetations show significant 
correlations with the bacterial population. The viable fungal population 
shows a significant negative correlation (p < .05) with P. alpestre at 
0-2 cm and this is maintained down the profile. Highly significant 
positive correlations are found with C. aciphyllum at depth (p < .01 and 
p < .001 at 6-8 and 12-14 cm respectively). 
Table 9.8 shows the relationships found at the Grassland. In the 
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litter layer (0-2 cm) the viable bacteria show a very highly significant 
positive correlation with the grass Festuca contracta and a negative one 
(p < .001) with the moss C. aciphyllum. Neither the moss Polytrichum 
alpinum, the Juncaceae or Cladonia sp. lichens show significant correlationl 
here, although P. alpinum shows a highly significant negative correlation 
with bacteria deeper in the soil (12-14 cm) and the Juncaceae show a 
significant positive correlation with bacteria at this depth. The only 
correlation between fungi and vegetation at this site is a significant 
positive one with C. aciphyllum at 12-14 cm. 
Multiple regression analysis on the Mossbank data complement the 
correlations in that with the bacterial population as dependent variable 
J. scheuchzerioides shows significance at the two upper levels. 
Similarly, with the fungal population as dependent, c. aciphyllum shows 
significance at 6-8 cm and 12-14 cm but P. alpestre now becomes sig-
nificant at 0-2 cm. The Grassland regressions also show a similarity 
with the correlations in that, with the bacterial population as dependent, 
significance is shown in the upper level by F. contracta (0.1%) with 
marginal signifiance (5%) shown by Cladonia sp. No relationships are 
seen between the viable fungal population and vegetation by this method 
of analysis. 
At the Mossbank the strong positive association between the micro-
bial populations and J. scheuchzerioides may reflect the nutrients 
required to sustain the very active growth of the horizontal rhizome of 
this rush (up to several mm per day (Callaghan, 1977» and production of 
lateral assimilatory shoots. The rhizome represents a major nutrient 
source and even the current leaves of the shoots are a richer nutrient 
source than the surrounding mosses (Table 11) which have no mechanism 
for selective ion uptake and no specialized storage tissuea (Walton and 
Smith, 1980) and thus represent poor nutrient sources. The availability 
of nutrients from herbaceous plant roots and tree roots has been 
Table 11. The element content of important plant species of the Grassland and Mossbank 
(adapted from Walton and Smith, 1980) 
% Na % K % Ca %Mg ~o P 
Grassland c. aciphyllum 0.07 0.54 0.30 0.21 0.20 
P. alpestre 0.06 0.66 0.05 0.15 0.12 
F. contracta Leaf litter 0.02 0.20 0.16 0.11 0.06 
Live leaves 0.01 1.60 0.09 0.09 0.21 
Mossbank J. scheuchzerioides 0.34 3.38 0.46 0.21 0.34 
C. aciphyllum 0.07 0.54 0.30 0.21 0.20 
P. alpestre 0.06 0.66 0.05 0.15 0.12 
% N % Ash 
1.03 3.64 
1.20 2.03 
0.65 3.43 
1.44 4.27 
2.38 9.14 
1.03 3.64 
1.20 2.03 
Results are given as a percentage of the dry weight 
'" Cl 
I 
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considered at length by Smith (1977) and the association between soil 
micro-organisms and p.lant roots explored by Parkinson (1967). Such an 
active plant as J. scheuchzerioides might be expected to provide an 
exudate rich in organic and inorganic nutrients which, together with 
sloughed off root cells and the increased availability of water, will 
provide a rhizosphere suitable for microbial growth especially of the 
more immobile bacteria. The mosses at this site are relatively nutrient 
poor, contain complex organic compounds such as polyphenols which, if 
present in leachate, may inhibit micro-organisms and may possess a waxy 
cuticle. This cuticle, which is very strongly developed in Polytrichum 
sp. (Proctor, 1979) will serve as an active barrier to microbial attack 
as well as reducing water and exudate loss by the moss. 
At the Grassland. only the bacterial population is significantly 
influenced by the vegetation with F. contracta providing a favourable 
habitat and C. aciphyllum an unfavourable one. That P. alpinum shows 
no signifiant correlations at this site is almost certainly 8 reflection 
of the relative frequency of occurrence between it and c. aciphyllum 
(6.9% and 68.4%, Table 4). At this site F. contracta forms 8 richer 
nutrient source than the mosses present (Table 11) and because of the 
favourable root rhizosphere considered earlier, might also be expected 
to form 8 favourable habitat at lower levels. That it does not may be 
related to the increased mineralization and decreased moisture contents 
of the soil in comparison with the litter. In addition to being nutrien~ 
poor the purer stands of c. aciphyllum at the Grassland have an open 
turf which is liable to de.siccation and hence will not form a favourable 
habitat. 
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3.4.3 Discussion of preferential sampling investigated by parametric 
bi-variate correlation analysis 
The results (Table 10) show that while no preferential selection 
occurred at the Grassland, at the Mossbank C. aciphyllum was selected 
for and P. alpestre selected against during the sampling period. 
Although the sampling procedure used throughout this programme Was 
random both in selection of quadrat and spot location within that area, 
each was subject to certain constraints: only odd numbered quadrats were 
available for sampling (even numbered ones contained more permanent 
experiments) and if a spot location fell within 10 cm of a previous sample 
hole, the next available random spot location was chosen instead (to 
minimise the drainage effects of coring and avoiding those areas which may 
have been effected by previous sampling). 
Although P. alpestre covered a high percentage of the site (Table 4) 
a relatively small proportion of this Was present as a pure stand and 
c. aciphyllum was increasingly present. Hence, once two or three cores 
of pure, or almost pure, P. alpestre had been removed from any quadrat 
the only other available cores contained increasing amounts of c. 
aciphyllum. 
Because a large number of cores (45-50) were removed from the site 
each mohth with, especially early in the programme, a number selected 
for high P. alpestre cover (sampling inexpertise and micro-arthropod 
extraction) it seems reasonable to assume that the percentage of P. 
alpestre will decrease with a concomitant increase in c. aciphyllum. 
At the Mossbank the viable fungal population shows a significant 
negative correlation with P. alpestre at all depths (Table 9.A) and may 
thus be expected to increase over the sampling period 8S less P. alpestre 
is taken. 
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CHAPTER 4 
THE OCCURRENCE Of DECOMPOSER MICRO-ORGANISMS AND THEIR 
RELATIONSHIP WITH THE ENVIRONMENT 
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4.1 INTRODUCTION 
4.1.1 General Introduction 
The micro-organisms so far studied can be placed together in the 
large group designated chemoheterotrophs for they obtain both energy 
and carbon from the organic sources present at the Grassland and Moss-
bank. Hence they may be considered as 'decomposers' but little has 
been discovered concerning the proportion of these organisms which are 
capable of utilizing some of the more complex resources present or 
whether these organisms are affected by changes in the environment or 
the quality of their substrates. 
The main sources of carbon and energy in plant tissues are the 
polysaccharides (cellulose, hemicellulose and pectic materials) and 
lignin (Swift et al., 1979). As these molecules are considered 
'recalcitrant' their decomposition is of considerable importance in any 
ecosystem and most especially so in a tundra region such as that at 
South Georgia where large herbivores are absent and the groups of 
decomposers are reduced in comparison to more temperate situations. 
Studies of the plant material present at the Grassland and Mossbank 
have shown that culms of the grass F. contracta have a holocellulose 
content of 74% (of dry wt.) and lignin content of 16% (of dry wt.) while 
all the above ground material of the grass has a holocellulose content 
of 45% (of dry wt.) (Pratt and Smith, 1982). Similarly a mixture of the 
mosses C. aciphyllum and P. alpestre from the 5-15 cm depth of the Moss-
bank showed a holocellulose and lignin content of 39% and 33% (of dry 
wt.) respectively, while the 0-8 cm depths of separate C. aciphyllum 
and P. alpestre showed holocellulose of 51% and 45% (by dry wt.) res-
pectively and lignin 24% and 28% (by dry wt.) respectively (Smith, pers. 
comm.). Such figures fall within the range of litters from other tundra 
sites shown in Heal et al., 1981. 
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4.1.2 The use of plating methods to study lignin and cellulose 
decomposition 
In addition to providing viable counts for soil and litter micro-
organisms (Chapter 2) the surface spread plate technique can also be 
adapted to distinguish those organisms belonging to special decomposer 
groups. Ecological studies along such lines have been carried out by 
Clarholm and Rosswall (1973) who, using a multipoint inoculation 
technique, studied the response of bacterial isolates from four tundra 
sites to a large number of media including those containing casein, 
cellulose, chitin, gelatin, lecithin, tributyrin and starch. More 
recent work on soil bacteria using mixed cultures and a multipoint 
inoculation technique has been made by Kauri (1980, in press) who 
enumerated physiological groups by their ability to hydrolyze cellulose, 
chitin, xylan, starch, pectin or lecithin. Similar experiments have 
also been carried out using isolates of micro fungi on a range of media 
(Kj~ller and Struwe, 1980). 
Although a plate count method for decomposer organisms would appear 
to provide a relatively simple method to compare the relative proportions 
of groups within and with the population, a number of important points 
should be kept in mind: 
1. Recalcitrant molecules require long incubation under suitable 
conditions before decomposition can be observed. Kauri (1980), for 
example, incubated modified cellulose and chitin agar plates for 10 
weeks before observing bacterial hydrolysis. 
2. The decomposer must be able to reach the carbon source in the 
agar. 
J. Synthetic analogues of complex molecules are poor approximations 
to the natural material. This is well illustrated by Swift et!!. (1979) 
who suggest that in a plant cell wall not only is there a complex 
arrangement of amorphous and crystalline cellulose present in the 
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microfibrils but that these are themselves bonded by hemicelluloses and 
bounded by lignin peculiar to a particular plant species. 
4. Interactions between fungi or between fungi and bacteria may 
be necessary for decomposition. 
5. Decomposition may only take place under the influence of certain 
environmental stresses which may be absent under laboratory incubation 
conditions. 
6. Media containing the test material to be decomposed as sole 
energy source may be entirely unsuitable for the stimulation of enzyme 
production. 
4.2 METHODOLOGY 
4.2.1 Isolation techniques for cellulol~ic and ligninolytic micro-
organisms 
The sampling dates, methodology of sampling, subsampling and further 
dilution of the Grassland and Mossbank material have already been fully 
described in Chapter 2 and the occasions on which cellulose and gallic 
acid media employed shown in Fig. 10. The plating procedure also followed 
that outlined in Chapter 2 but because of the relative scarcity of 
cellulolytic and ligninolytic organisms 0.3 ml portions of the 10-4 
dilution were plated out in triplicate where possible. This procedure 
was repeated for the 10-3 dilution of the same sample. 
In order to fulfill as many of the nutritive requirements as 
possible, the following media and incubation regimes were adopted: 
A. Medium for cellulolytic fungi From March to May 1977 the 
medium consisted of: 72 hour ball-milled cellulose (Eggins and Pugh, 
1962), the nutrients to make up Czapek-Dox agar (but without sugars); 
agar and Aureomycin to inhibit bacterial growth. The full constituents 
are shown in Appendix 1. Incubation was initially at 10°C for four 
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weeks but when no clearing of the cellulose was observed, space 
requirements necessitated any further incubation to be at room 
temperature (15-17°C). 
From July 1977 the ball-milled cellulose was replaced by cellulose 
precipitated from a copper/ammonium solution (Schweitzer's reagent) by 
excess dilute hydrochloric acid as described by Harrigan and McCance 
(1966). The preparation of this medium is also shown in Appendix 1. 
Incubation was at 10°C for 3-4 weeks. 
B. Medium for eellulolytic bacteria From February to May 1977 
the medium was similar to that for fungi in that it consisted of 72 hour 
ball-milled cellulose (Eggins and Pugh, 1962), the nutrients to make up 
10% Tryptone Soya agar (but without sugars), agar and cyclohexamide to 
inhibit fungi. Full constituents are shown in Appendix 1. Incubation 
again initially at 10°C but continued at room temperature after 4 weeks. 
From July 1977 to January 1978 precipitated cellulose was used in 
the place of the ball-milled material and the rest of the medium was as 
initially. Full medium shown in Appendix 1. Incubation temperature 
was again 10°C for four weeks elevated to room temperature after this 
time. 
From March 1978 onwards the medium consisted of precipitated 
cellulose suspended in 10% Tryptone Soya agar with additional agar and 
cyclohexamide to inhibit fungi. A full description is given in 
Appendix 1. Incubation was at 10°C for 3-4 weeks. 
C. Medium for ligninolytic organisms An agarose medium containing 
malt extract and gallic acid (3,4,5-trihydroxybenzoic acid) (after 
Flanagan. In Rosswall, 1971) was used on four occasions between December 
1977 and January 1979. A full description of the medium for the 
Bavendamm test (Bavendamm, 1928; Davidson et al., 1938) is given in 
Appendix 1. Incubation was at 10°C and observations made after 3-4 weeks. 
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4.2.2 Incubation and observation of cellulolytic and ligninolytic 
micro-organisms 
After the inoculum had been absorbed the plates were annotated and 
inverted before incubation at 10°C for 3-4 weeks. Cellulolytic fungi and 
bacteria were then enumerated, on their respective media, as those 
colonies producing clear zones in the cellulose agar. Observation of 
cellulose hydrolysis (i.e. decrease in the density of suspended 
particles) was facilitated by observing the underside of the agar plate 
through a low power (x12) dissecting microscope and employing obliquely 
angled illumination against a dark background. Ligninolytic organisms 
were enumerated as those producing a chestnut brown colouration on 
gallic acid agar when observed against a white background. 
4.2.3 The relationship between the viable microbial decomposer 
populations and edaphic variables, vegetation type and 
the viable heterotrophic microbial populations 
To investigate the importance of edaphic variables in affecting the 
number of cellulolytic bacteria and fungi and ligninolytic fungi, 
bivariate correlation analyses, akin to those performed on the viable 
heterotrophic populations, were carried out. Data files were assembled 
from the decomposer and edaphic dats recorded for each of the three 
depths at each site for each of the monthly samples. The format of 
these, together with their abbreviations, has already been considered 
in Chapter 3 (3.2.2) but in the present case LOGBACT and LOGfUNG were 
replaced by the cellulolytic fungi (CELfUNG) and bacteria (CELBACT) and 
a separate file was assembled for the reatricted data dealing with 
ligninolytic fungi (LIGfUNG). 
To observe whether the relationships seen between viable hetero-
trophic bacterial and fungal populations and vegetation type can be 
continued to the viable decomposer populations, non-parametric bivariate 
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correlation analyses were carried out as described previously (Chapter 
3.2.3). using the same data file format (but with decomposer populations 
in the place of heterotrophic populations) and using the same SPSS sub-
programme (NonPar Corr). 
In addition to these, bivariate correlation analyses were carried 
out to attempt to relate the cellulolytic bacterial and fungal and 
ligninolytic fungal populations to their respective heterotrophic 
populations from the same subsample. 
4.3 RESULTS 
4.3.1 Results of the plate count for cellulolytic bacteria and fungi 
and ligninolytic fungi 
Counts of viable cellulolytic bacteria, viable cellulolytic fungal 
propagules and viable ligninolytic fungal propagules from three depths 
of the Mossbank and Grassland sites are shown in figs. 27, 28 and 29 
and their variation with depth summarized in fig. 30. As with the viable 
heterotrophic populations of Chapter 2, each monthly point represents 
the mean of three core values each of which is the mean of triplicate 
(when possible) plates. The core mean was converted to numbers per 
gram dry weight of material in the same way as before then transformed 
to Log10 and the site mean l0910 obtained for each depth from the 
triplicate cores. 
At both sites the numbers of cellulolytic bacteria increase 
dramatically from the 0-2 cm level and then remain close to this value 
at greater depth (12-14 cm). While the Grassland and Mossbank popUlations 
are very similar at the upper level,· the Grassland figures are reduced 
at both lower layers. As with the heterotrophic bacterial popUlations, 
the greatest variability is seen in the upper layers of both sites and 
may reflect the more extreme environmental influences there. However, 
Fig. 27 Seasonal changes in the Microbial Decomposer populations from the 0-2 cm layer of the Mossbank (A) 
and 0-2 cm (litter) layer of the Grassland (B) 
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Fig. 30 The change in viabledeco~)oser populations with depth at the 
Mossbank and Grassland 
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this increase with depth does not reflect the heterotrophic bacterial 
situation where a steady decrease with depth is seen at both sites. 
Cellulolytic fungi at the Mossbank show a decrease in numbers from 
the 0-2 to 6-8 cm levels and a slight increase with further depth, 
although this is difficult to assess in view of the variability between 
monthly samples both here and at the Grassland. The cellulolytic fungi 
in the two upper levels of the Grassland fallow very closely the 
decrease shown at the Mossbank but the 12-14 cm (soil) population shows 
a further, and greater, reduction. While the decrease in the populations 
with depth follows the trends shown by the heterotrophic fungi, that 
shown by the 12-14 cm (soil) population is more severe. 
While the ligninolytic fungal population of the Mossbank decreases 
little with depth, at the Grassland there is a sharp decrease bath 
between the 0-2 cm (litter) and 6-8 cm (litter/soil) populations and the 
6-8 cm and 12-14 cm (sail) populations. 
4.3.2 The statistical analysis of the relationships between the viable 
microbial decomposer populations and edaphic variables 
The results of the parametric bi-variate correlation analysis 
between the microbial decomposer populations and all the edaphic 
variables are shown as Table 12 for the Grassland.and Table 13 for the 
Mossbank. Information from the three depths is presented together and 
depth is considered as a separate variable to show its importance. 
The only association within the decomposer groups is a positive 
one between lIGFUNG and CElFUNG at the Grassland (p < .01). This is 
very different from the heterotrophic microbial situation where strong 
positive relationships between bacterial and fungal populations are seen 
at both sites. While lIGFUNG does not show a significant relationship 
with depth at either site CElFUNG, following the pattern of lOGFUNG, 
shows a very highly significant negative correlation with depth at the 
Table 12. The statistical significance of the correlations between the viable microbial decomposer populations 
and edaphic variables at the Grassland 
CELfUNG 
CELBACT 
LIGfUNG 
CELfUNG CELBACT LIGfUNG DEPTH 
NS ** 
+ 
NS NS 
** 
NS 
+ 
Sign of correlation: 
Given as + or - only 
if it is significant. 
*** 
*** 
+ 
NS 
II' 
10 
MOISTURE 
*** 
+ 
*** 
** 
+ 
PH RAIN RAIN RAIN ABS- MEAN- MEAN MEAN- ABS-
2 20 30 MAX MAX MIN MIN 
NS NS NS NS NS NS NS NS NS 
NS NS NS NS NS NS NS NS NS 
NS * * * NS NS NS NS NS 
+ + + 
Statistical significance of Correlation Coefficients: 
p < .001 = *** 
p > .001 < .01 = ** 
p > .01 < .05 = * 
p > .05 = NS (not significant) 
~ 
a 
\J1 
I 
Table 13. The statistical significance of the correlations between the viable microbial decomposer populations 
and edaphic variables at the Mossbank 
CELFUNG CELBACT LIGFUNG DEPTH % PH RAIN RAIN RAIN ABS- MEAN- MEAN MEAN- ABS-
MOISTURE 2 10 30 MAX MAX MIN MIN 
NS NS NS * NS NS NS * NS NS NS NS NS 
CELFUNG 
NS NS *** *** NS NS NS NS NS NS NS NS NS 
CELBACT 
+ + 
NS NS NS NS NS * NS NS NS NS NS NS NS 
LIGfUNG 
+ 
Sign of correlation: Statistical significance of Correlation Coefficients: 
Given as + or - only p < .001 = *** if it is significant p > .001 < .01 = ** 
p > .01 < .05 = * 
p > .05 = NS (not significant) 
~ 
o 
~ 
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Grassland but no significant association at the Mossbank. CELBACT, on 
the other hand, shows a completely opposite association with depth to 
LOGBACT for while the former are very highly significant and positive, 
the latter are equally significant but negative. % MOISTURE is again 
seen as an important factor at the Grassland with CELFUNG and LIGFUNG 
showing positive associations (p < .001 and p < .01 respectively) as 
did LOGFUNG (p < .001), while CELBACT shows a negative association 
(p < .001) whereas LOGBACT was positive (p < .001). Although % MOISTURE 
was not seen as a significant influence on the heterotrophic populations 
at the Mossbank it appears to have a role in influencing the cellulolytic 
decomposemas CELFUNG shows a significant negative correlation (p < .05) 
and CELBACT a very highly significant (p < .001) positive correlation. 
Although temperature is seen as an influence on the heterotrophic 
populations of the Grassland it does not affect the decomposer 
populations. Only LIGFUNG shows any association with other variables 
and this is a significant positive correlation with the rainfall in the 
2, 10 and 30 day periods prior to sampling. 
At the Mbssbank rainfall is the only other variable to affect the 
decomposer populations and while LIGFUNG (like LOGFUNG) shows a 
significant positive correlation with RAIN 2, CELFUNG shows a significant 
negative correlation with RAIN 30. 
4.3.3 The statistical analysis of the relationships between the viable 
microbial decomposer populations and vegetation types 
Non-parametric bi-variate correlation analyses were made between 
the cellulolytic bacterial and fungal populationa, the ligninolytic 
fungal population and the major vegetation types at each of the three 
depths of the Grassland and Mossbank (Festuca contracta, Juncaceae, 
Polytrlchum sp., Chorlsodontlum aclphyllum and Cladonla ap. at the 
Grassland and these minus F. contracta at the Mossbank). Analysis of 
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the Grassland data showed a highly significant (p < .01) positive 
correlation between the cellulolytic bacteria at 0-2 cm (litter) and 
Polytrichum sp. moss while the Mossbank data showed a significant 
positive correlation (p < .05) between the moss C. aciphyllum and the 
cellulolytic bacteria at the 12-14 cm level. Non-parametric 
correlations between the ligninolytic fungi and vegetation types showed 
no significant relationships at either site. 
4.3.4 The statistical analysis of the relationships between the 
viable microbial decomposer populations and the viable 
heterotrophic microbial populations 
The results of the parametric bi-variate correlation analyses 
between the viable cellulolytic bacterial and fungal populations and 
the viable heterotrophic bacterial and fungal populations are shown in 
Fig. 31. Although it is possible to further split the data to include 
the three depths for each microbial population at each site and then to 
make a further distinction within the data to account for season, this 
has not been included. 
When all the cellulolytic bacteria and fungi are considered 
together and correlated with the heterotrophic bacteria and fungi from 
both sites, a very highly significant positive association is found 
(p < .001). On dividing the available data by site this positive 
correlation is maintained at the Grassland but diminishes '(to p < .05) 
at the Mossbank. Dividing all the data by microbial population alone 
shows both to have very highly significant correlations (p < .001), 
cellulolytic and heterotrophic fungal populations being positive while 
cellulolytic and heterotrophic bacterial populations are negative. The 
division of data by both site and microbial population shows that at 
the Grassland cellulolytic and heterotrophic fungi have a very highly 
significant positive correlation (p < .001) while the cellulolytic and 
fig. 31. Results of the Correlation analysis between the viable cellulolytic microbial populations and the 
viable heterotrophic microbial populations 
All Mossbank data 
* (+) 
N = 63 
All Grassland data 
*** (+) 
N = 63 
Where: 
All data 
*** (+) 
N = 126 
N = No. of cases 
All fungal data 
*** (+) 
N = 84 
<
All Mossbank fungal data 
NS N = 42 
All Grassland fungal data 
*** (+) N = 42 
~All Mossbank bacterial data 
* (-) N = 21 All bacterial data . 
*** (-) 
N = 42 All Grassland bacterial data 
*** (-) N = 21 
Statistical significance of Correlation Coefficients: 
p < .001 = *** (+) or (-) = Significance of Correlation 
Coefficient (where significant) p > .001 < .01 =** 
P > .01 < .05 = * 
p > .05 = NS (not significant) 
~ 
0 
\0 
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heterotrophic bacteria show an equally significant negative correlation. 
The cellulolytic and heterotrophic fungi are not correlated at the 
Mossbank while the cellulolytic and heterotrophic bacteria show a sig-
nificant (p < .05) negative correlation. 
Similar correlation analyses may be carried out between the 
ligninolytic and heterotrophic fungal populations (Fig. 32) but as only 
four isolations of ligninolytic fungi were made, it is not possible to 
investigate seasonal differences within this data. When all the data 
are considered together a very highly significant positive correlation 
(p < .001) is found but if the data are broken down by depth alone only 
the 12-14 cm depth shows a positive correlation (p < .05). However, if 
the data are broken down by site alone, no significant correlation is 
found at the Mossbank whereas a highly significant positive correlation 
(p < .01) is evident at the Grassland. Further breakdown to depth at 
each site shows only one significant correlation (p < .05); a positive 
one between. the ligninolytic and heterotrophic fu~gi of the 0-2 cm 
(litter) layer of the Grassland. 
4.4 DISCUSSION 
4.4.1 The applicability of precipitated cellulose and gallic acid 
agars in the detection of cellulolytic or ligninolytic 
micro-organisms 
Although the micro-organisms which have been seen to clear 
precipitated cellulose agar or produce a chestnut brown colouration on 
gallic acid agar have been called 'cellulolytic' and 'ligninolytic~ 
these tests are not absolute and the results must be considered in the 
light of similar experiments and their applicability in this study. 
Plant cell walls consist of a complex arrangement of crystalline 
and amorphous cellulose (Swift, !! al., 1979) and a number of differently 
.fig. 32. Results of the Correlation Analysis between the viable ligninolytic and viable heterotrophic 
All data from 0-2 em 
NS N = 8 
All data from 6-8 em ) 
NS N = 8 
All data from 12-14 
* (+) N = 8 
Where: 
N = No. of cases 
/ 
All data 
*** 
(+) 
N = 24 
fungal populations 
Mossbank data from 0-2 cm 
NS N = 4 
All Mossbank data < Mossbank data from 6-8 cm 
NS N = 12 
"All Grassland data 
** (+) N = 12 
NS N = 4 
Mossbank data from 12-14 cm 
NS N = 4 
Grassland data from 0-2 cm (litter) 
* (+) N = 4 
£ Grassland data from 6-8 cm (litter/soil) 
NS N = 4 
Grassland data from 12-14 cm (soil) 
NS N = 4 
Statistical significance of Correlation Coefficients: 
p < .001 = *** 
(+) or (-) = Significance of Correlation 
Coefficient (where significant) 
p > .001 < .01 = ** 
p > .01 < .05 = * 
p > .05 = NS (not Significant) 
-> 
-> 
-> 
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treated cellulosic materials have been incorporated into agar media 
(ball-milled cellulose - Eggins and Pugh (1962), homogenised and 
flocculated cellulose - Skinner (1960), hydrochloric acid treated 
material - Bose (1963), orthophosphoric acid regenerated cellulose -
Walseth (1952), cellulose precipitated from a copper/ammonium complex -
Harrigan and McCance (1966)). 
Although all cellulose preparations have undergone some chemical 
treatments in their manufacture those that have received only additional 
physical disruption may be considered closer to the original material. 
Of these ball-milling has been considered the most effective in 
increasing reactivity (Mandels et al., 1974). Further chemical treatments 
decrease the crystallinity of the cellulose and Mandels et al., (1974) 
showed that the cuprammonium treatment of a cellulose substrate (news-
paper) increased its susceptability to cellulase attack above that of 
ball-milling the same substrate. 
The plate method using ball-milled material produced only limited 
positive results. The use of cuprammonium treated material produced 
increased positive results both with fungal cultures and with 
bacterial ones after a small amount of an alternate carbon source had 
been added. It is possible that, for the fungi, either the original 
incubation regime was insufficient (in temperature or time) for 
cellulase activity to be observed on the ball-milled material or that 
the enzyme systems were deficient so that while highly crystalline 
material was attacked only slowly, partially degraded material dis-
appeared relatively quickly. While the bacteria showed a very similar 
picture, it seems that even with a partially degraded cellulose 
stimulation is required before cellulase activity occurs. 
As lignin is an extremely complex and heterogeneous material it 
may be expected to degrade very slowly and alternative tests could be 
usefully employed in studies such as that on South Georgia. There are 
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still conflicting opinions on the usefulness of the Bavendamm test for 
while Swift (1975) considers that 'the polyphenol qxidase enzymes 
involved in the oxidation reactions (of gallic acid medium) probably do 
not play any direct role in lignin depolymerization', Carey (1975) 
states that 'the presence of extracellular oxidase, and hence the 
ability to degrade lignin and produce a white rot, can be detected 
using the Bavendamm test with gallic or tannic acid media'. 
It would seem, therefore, that without additional experiments it 
might be more accurate to describe organisms which cause a positive 
Bavendamm reaction as possessing polyphenol oxidase or laccase rather 
than as ligninolytic. However, even this may be doubtful as recent work 
by Hurst (1982) has shown that of six South Georgia fungi producing 
colouration of tannic acid medium only one possessed laccase (detected 
by an a-napthol test). 
4.4.2 Seasonal and depth variations in the Viable Decomposer 
Populations in comparison with other studies 
There appears to be a paucity of directly comparable data on this 
subject as most workers carry out physiological tests on pure isolates. 
However, Kauri (1982, in press) when isolating both heterotrophic and 
cellulolytic bacteria (the latter on orthophosphoric treated cellulose) 
from similar levels of a Danish beech forest, found that both populations 
decreased with depth. Kauri (in press) also found the cellulolytic 
bacterial population to constitute a mean of around 20% of the hetero-
trophic bacterial population at each level. This is a very different 
situation from that seen at the South Georgia sites where at the Mossbank 
the mean relative percentage increases with depth from 0.03% at 0-2 cm 
to 6r. at 12-14 cm and at the Grassland increases from 0.1r. at the 0-2 em 
(litter) layer to 9r. at the 12-14 cm (soil) layer. Clarholm and Rosswall 
(1973), when testing the cellulolytic ability (on Eggins and Pugh (1962) 
- 114 -
medium) of randomly isolated bacterial colonies from the soil of bog or 
mire sites in four different countries, found that while only 1% of the 
Norwegian (Hardangervidda) samples hydrolysed cellulase, 15% of both 
Swedish (Abisko) and Irish (Glenamoy) samples possessed this ability 
and 25% of UK (Maar House) samples were cellulolytic. The South 
Georgian figures, although not based on isolates from such wet sites, 
come into the lower range of these observations. 
Comparable work on cellulolytic and ligninolytic fungi has been 
carried out by Kj~ller and Struwe (1980). Working an the 0-2 cm soil 
layer under red alder in Denmark and testing isolates an acid hydrolysed 
cellulose, they recorded cellulolytic fungi as between 40-60% of their 
total isolates. This is far greater than the numbers found at the South 
Georgia sites where the 0-2 cm layers of Mossbank and Grassland showed 
cellulolytic fungi to be 3.5 and 1%, respectively, of the total 
isolations. The same workers found gallic acid medium coloured by 
between 20 and 35% of fungi from the 0-2 cm layer of the Danish site. 
At South Georgia the percentage showing this reaction was 3 and 4% 
from the 0-2 cm layers of Mossbank and Grassland respectively. 
- 115 -
CHAPTER 5 
THE ISOLATION AND CHARACTERIZATION OF CELLULOLYTIC FUNGI 
- 116 -
5.1 INTRODUCTION 
5.1.1 General introduction 
Although the IBP Tundra Biome studies have included taxonomic 
determinations, they have also encouraged workers to enquire further into 
the processes carried out by the fungi and the role played by specific 
groups in the decomposition process (Dowding and Widden, 1974; Flanagan 
and Scarborough, 1974; Hayes and Rheinberg, 1975). 
Early studies of fungi in the Antarctic were mainly restricted to 
taxonomic work (Tubaki, 1961; Corte and Daglio, 19~3; Tubaki and Asano, 
1965) and only more recently have included quantitative and physio-
logical studies (Latter and Heal, 1971; Bailey and Wynn-Williams, 1982; 
Smith, 1982; Hurst et al., in press). 
Taxonomic studies on the South Georgia fungi have been made either 
on macrofungi consciously collected or on microfungi obtained with 
phanerogamic collections (Dennis, 1968; Pegler et al., 1980). Recently 
Hurst (1982) has studied the succession of micro fungi on selected South 
Georgia vegetation and has investigated the substrates utilized by the 
most abundant fungal species. 
While the primary objective of the present study was to consider 
the role of the micro flora in below-ground decomposition from an 
ecological rather than a taxonomic viewpoint, it was seen that the 
opportunity would arise to make isolations of cellulolytic fungi (Chapter 
4). It was decided that this should be done if possible as it would 
complement the study of Hurst (1982) and allow comparisons to be drawn 
with other polar, tundra and temperate work (flanagan and Scarborough, 
1974; Kj~llerand Struwe, 1980; Pugh and Allsopp, 1982). However, this 
cannot be regarded as a complete taxonomic study of below-ground fungi 
at South Georgia as it represents the random sampling of organisms 
screened for cellulolytic ability. 
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5.1.2 The maintenance of cellulolytic ability 
The isolation of cellulolytic fungi for identification may be con-
sidered a fortuitous bonus of a more quantitative plating technique. 
As these organisms were isolated and stored for a lengthy period before 
being recultured for identification a number of points should be kept 
in mind: 
1. Isolations made from crowded, direct inoculation plates may result 
in contamination with unwanted species which may then become dominant. 
2. Organisms which show cellulolytic ability on mixed culture plates 
may lose this ability when cultured alone. 
3. The isolation of organisms on a comparatively rich maintenance 
medium may cause a loss of cellulolytic ability. 
4. Long-term storage, even with regular subculture, may result in 
staling and diminished enzymatic ability. 
For these reasons while fungal isolates which show cellulolytic 
activity when recultured on appropriate media must be considered as 
cellulolytic the converse may not be true. 
5.2 METHODOLOGY 
5.2.1 Isolation and maintenance of fungal isolates 
Following the enumeration of cellulolytic fungi as those producing 
zones of clearing on agar containing precipitated cellulose (Chapter 4) 
random isolations were made as follows. Having located the fungal 
colony causing the zone of clearing under a low power microscope, spores, 
mycelium or, in cases of poor aerial growth, agar were carefully removed 
with a sterile loop or dissecting needle, transferred to sterile slopes 
of Czapek-Dox agar in 1 oz MacCartney bottles and incubated at room 
temperature in an upright position. This follows the 'dry slope' method 
of Frankland and Latter (1973). These isolates were subcultured when 
- 118 -
desiccation of the agar was observed. In this way a collection of 120 
cellulolytic fungal isolates was made between July 1977 and January 
1979. These were shipped to the UK at 4°C. 
5.2.2 Determination of continued cellulolytic ability 
On return all the isolates were cultured onto Czapek-Dox agar 
plates, grown at 10-15DC and then tested for cellulolytic ability by two 
techniques - a plate method (similar to that of isolation) and a test 
tube method (Rautela and Cowling, 1966). Media for both methods con-
sisted of Czapek-Dox agar containing a low concentration of precipitated 
cellulose (Appendix 1). Sterile agar plates were prepared as normal 
and cellulose agar added to the test tubes to give a vertical column of 
c. 5 cm. The tubes were then plugged with sterile foam bungs. 
For each isolate 5 small cubes of agar (c. 3 mm3) were cut from the 
growing edge of the colony with a sterile scalpel and three transferred 
aseptically to an agar plate where they were arranged as a triangle 
while the remaining two were transferred to agar tubes. This results in 
a triplicate plate test and duplicate tube test. 
To promote initial growth plates and tubes were incubated at 12°C 
for 14 days and thereafter at 7DC to allow enzymatic development without 
excessive colonial growth. At intervals plates and tubes were observed 
for growth and clearing of the cellulose. The plates were observed from 
the undersurface using a x12 dissecting microscope and with angled light 
against a dark background. The tubes were observed by eye, together 
with an uninoculated control, against a sharply defined transparent 
scale and against 40 watt illumination. 
5.2.3 Identification of isolates 
Following the identification of 15 isolates as Penicillium sp. they 
were forwarded to Dr A.H.S. Onions at the Commonwealth Mycological 
Institute, Kew for a more detailed examination. Other isolates were 
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examined by Dr J. Hurst and, using his experience of South Georgia micro-
fungi, tentatively identified. With his assistance it has also been 
possible to study the frequency of occurrence and distribution of 
important fungal groups. 
5.3 RESULTS 
5.3.1 Recovery of isolates 
Of the 120 cellulolytic fungal isolates made on South Georgia, 107 
were capable of regrowth when plated out onto Czapek-Dox agar in the UK 
in December 1979 and incubated at 10-15°C. This represents an 89% 
recovery rate from the original isolates. 
5.3.2 Comparison of a plate and tube method to show cellulolytic ability 
The 107 isolates cultured onto either plates or tubes containing 
precipitated cellulose were observed at intervals for zones of clearing. 
The results, as a percentage of the total which show clearing either in 
the plates or the tubes, are shown in Table 14. Further investigation 
of this data showed that eell.ulolytic cultures taken early in the programme 
showed no decline in activity associated with their longer storage. 
5.3.3 Identification of isolates 
The 15 Penicillium sp. isolates were identified as belonging to 
the following six species: 
Penicillium aurantiogriseum Dierckx (= P. cyclopium Westling) 
Penicillium granulatum Bainier 
Penicillium brevicompactum Dierckx 
Penicillium chrysogenum Thorn 
Penicillium expansum Link ex Gray 
Penicillium eChinulatum Raper. & Thorn ex Fassatio va 
The Penicillium sp. isolates were taken from all depths of the main 
Table 14. A comparison of the cellulolytic activity of fungal isolates by a tube and plate method 
% of plate cultures 
showing clearing 
r. of tube cultures 
showing clearing 
Time (days) 
28 41 63 112 
15 31 49 60 
o 2 6 7 
N.O. = No observations made as agar desiccated 
250 
N.D. 
17 
..Jo 
N 
o 
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sites and were found throughout the year but only one of them, 
P. aurantiogriseum, had any activity on cellulose agar plates and this 
weak even after 112 days incubation. 
From the cellulose plate cultures 20 isolates were seen to produce 
pycnidia and of these 16 caused clearing of the cellulose. Although 
isolates were made throughout the year most were obtained from upper 
level samples and more from the Mossbank than the Grassland. No further 
identifications have been made of these. 
Of the isolates only five retained a sterile mycelium after pro-
longed incubation and three of these cleared cellulose agar in plates. 
Four of the isolates came from the upper levels of the Mossbank and one 
from Grassland litter. 
Ten isolates produced dark brown/black colonies on Czapek-Dox agar 
and from these Cladosporium sphaerospermum and Ulocladium sp. have been 
identified by J. Hurst. Of these isolates four showed cellulolytic 
activity in plate culture. 
By far the most important in terms of frequency of isolation and 
maintenance of cellulolytic ability are Chrysosporium sp. Twenty nine 
isolates have been placed in this genus, Chrysosporium pannorum has 
been identified from among them and all but one showed cellulolytic 
activity in plate culture. Significantly 18 isolates showed 
cellulolytic activity in plate culture after 41 days. Although these 
organisms have been isolated from all the depths sampled at each main 
site and throughout the year, 38% of them came from the 12-14 cm layer 
of the Mossbank. 
Other tentative identifications have included 
the order Mucorales, three from Aspergillus and 
Botrytis cinerea. 
Seven isolates from 
- 122 -
5.4 DISCUSSION 
5.4.1 A comparison of the plate and tube methods to detect 
cellulolytic ability 
The results of this comparison suggest that the test tube method 
of Rautela and Cowling (1966) is unsuitable for the detection of 
cellulolytic activity by isolates such as those taken from South Georgia 
and that a plate technique is more suitable for such material. 
The results and comparisons of these methods bring up a number of 
points which should be considered: 
A. As not all of the cultures originally isolated as cellulolytic show 
this ability when retested by the same method it must be assumed that 
either the wrong organisms were isolated from the crowded plates in the 
first place or that the organisms have lost their enzymatic capability 
due to staling, lack of competition or antagonism or lack of mutual 
effect with other organisms (as suggested by Kauri, in press; Swift et 
al., 1979). 
B. That many organisms which show cellulolytic activity on plates fail 
to do so, or do so very slowly, in tubes suggests the unsuitability of 
conditions there. Limited surface area is available for growth and if 
microaerophilic conditions are present in the agar cellulase production 
will be suppressed (Swift et al., 1979). 
C. Tube cultures are more difficult to illuminate and observe micro-
scopically than plate cultures due to the curvature of the tube and 
invasiveness of the organisms. Thus any cellulolytic activity close to 
the agar surface may be masked. 
D. While only one colony was grown in each tube a plate supported three 
colonies of the same organism. Cellulolytic activity on the plates was 
observed not only beneath the colonies but often in the area central to 
them on which no apparent growth had occurred. This suggests some mutual 
- 123 -
effect between colonies either to complement enzyme activity or as a 
response to the competitive presence of other colonies. 
5.4.2 A comparison with other studies 
The isolations of cellulolytic fungi during this study highlight 
the importance of the genus Chrysosporium in tundra and agrees with 
its isolation by Hurst (1982) from the phylloplane of leaf litter at 
South Georgia and in the soils of Signy Island, Maritime Antarctic, by 
Pugh and Allsopp (1982) and Bailey and Wynn-Williams (1982). The 
revised classification and distribution of this genus, proposed by 
Carmichael (1962) and reviewed by Williams and Pugh (1974), show it to 
be widespread and frequently associated with low temperature conditions. 
Its presence at IBP tundra sites from Alaska to the Antarctic is shown 
in Dowding and Widden (1974) and Flanagan and Scarborough (1974). 
Although some isolates of Chrysosporium failed to show cellulolytic 
activity (Flanagan and Scarborough, 1974) at least one common species 
isolated during the present study at South Georgia, c. pannorum (link) 
Hughes, is known to possess this ability (Williams and Pugh, 1974; 
Hurst, 1982; Pugh and Allsopp, 1982). 
The frequent occurrence of Penicillium sp. in tundra and alpine 
soils and litters has been noted by Dowding and Widden (1974), Flanagan 
and Scarborough (1974), Hayes (1973) and Bissett and Parkinson (1979 a). 
Although few of these isolates showed cellulolytic activity in pure 
culture Ivarson (1974) has shown that, at lower temperatures, a member 
of the P. terrestre series showed strong decomposer activity in 
association with a Rhizoctonia sp., Mucor spinescens and c. pannorum. 
That pycnidial fungi are common in cold climates and play a part 
in decomposition has been shown by the isolation of cellulolytic Phoma 
sp. from Point Barrow, Prudhoe Bay, Eagle Summit and Devon Island 
(Flanagan and Scarborough, 1974) and other tundra, alpine and temperate 
- 124 -
work has shown them to be widely distributed (Hayes, 1973; Bissett and 
Parkinson, 1979a; Pugh, 1958). 
The infrequent isolation of sterile forms showing cellulolytic 
activity is most likely to be due to the slow growth and activity which 
befits their role as 'survivors' (Pugh, 1980) rather than their 
infrequent occurrence. Studies have shown sterile mycelia to form a 
large part of the fungal population at other tundra sites and that some 
isolates can decompose cellulose (Flanagan and Scarborough, 1974). 
The occurrence of dematiaceous organisms in tundra is also well 
documented and Cladosporium sp. are considered amongst the most common 
tundra species (Flanagan and Scarborough, 1974). That C. sphaerospermum 
has been isolated from the South Georgia soils may be expected as it has 
been found on litters of those soils by Hurst (1982). That dematiaceous 
organisms may be associated with lower temperatures has been shown by 
Biederbeck and Campbell (1971) who, in laboratory experiments, found 
that of the original fungi present in soil, Cladosporium herbarum and 
Ulocladium sp. had developed well after 12 days incubation with 
temperatures fluctuating from 14 to 3°e. 
In general the isolations from the South Georgia sites follow the 
trends found at other tundra and alpine sites. While the contribution 
of the Fungi Imperfecti to overall decomposition processes is undoubtedly 
important one must remember that although not isolated by this technique, 
Basidiomycetes have been found at the South Georgia sites (Pegler et al., 
1980) and their mycelium may also show cellulolytic capability. 
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CHAPTER 6 
THE DECOMPOSITION Of NATURALLY OCCURRING LITTER 
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6.1 INTRODUCTION 
6.1.1 General introduction 
In tundra most of the annual primary production is not consumed by 
direclly herbivores but dies and passesLlnto the decomposer cycle. The decom-
position of the plant remains (or litter) is a complex and often lengthy' 
process the rates of which will vary with the nature of the substrate 
and the influence of the environment. Nevertheless, the importance of 
the processes has caused many studies to be undertaken to observe the 
qualitative and/or quantitative degradation of natural litters. In such 
studies decomposition, unless specific steps are taken to ensure other-
wise, has been considered to include leaching of soluble materials, 
breakdown and comminution by fauna and physical factors and the eventual 
release of recycled carbon as carbon dioxide by the micro flora and 
fauna. 
While the eventual aim of the studies has been to place a known 
substrate on or in its natural environment and to recover the remains 
after a period of decomposition, workers have encountered drawbacks. 
The use of rigid containers of wire screening (falconer et !l., 1933; 
Gustafson, 1943), or metal containers with netting (Ohmasa and Mori, 
1937; Coldwell and Delong, 1950) does not allow the experimental 
material to come into close contact with the natural litter layers. 
More flexible containers (eg. hairnets used by Bocock and Gilbert, 1957 
and Bocock et al., 1960) allow more intimate contact but their use is 
limited to broad leaves as undecomposed parts of smaller leaves may be 
lost through the larger apertures which allow entry of most of the 
litter inhabiting animals. Tethering, either of individual leaves by 
their petioles (eg. Woodwell and Marples, 1968) or of more substantial 
litters (bracken petioles by frankland, 1966), again imposes intimate 
contact under natural conditions but encourages the removal of 
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undecomposed fragments by animals. Flexible litter bags were chosen 
for the present study as they had been widely utilized to study the 
decomposition of organic debris under natural conditions in a variety 
of habitats (Latter and Cragg, 1967; Van Cleve, 1971; Karenlampi, 1971; 
Wiegert and McGinnis, 1975). 
6.1.2 The litter bag technigue 
Although a standardized litter, whether alien (eg. barley straw in 
the Norwegian IBP studies) or artificial (eg. filter paper in the Devon 
Island IBP studies) could be used to allow direct comparisons between 
decomposition at several different sites, on South Georgia the de-
composition of natural litters representative of the Grassland and 
Mossbank was considered more important. At the Grassland the leaves 
and inflorescence of the grass Festuca contracta remain as standing dead 
for a long period. leaf material from this age class was considered to 
be a uniform and representative litter. At the Mossbank there is no 
litter layer at the surface as the moss is continually growing upwards. 
The litter is thus that part of the lower moss shoots which no longer 
actively supplies nutrients to the growing point and which is incapable 
of regeneration. 
A major question in litter bag studies is what quantity of litter 
should be used. If too little is used and the site is an actively 
decomposing one or if the litter is of a fragile nature to begin with, 
the amount lost may be too great for accurate calculation. If, on the 
other hand, too much is used and the site is a slowly decomposing one, 
either i"itial disruption due to the insertion of a large or bulky bag 
will result in slow and poor colonization or litter losses during 
routine handling (~uffling and Smith, 1974) (calculated via controls) 
will equal or exceed any loss due to decomposition. 
In order that the importance of depth might be considered several 
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horizons should be assayed and both the construction of the bags and 
their method of insertion should be such that disturbance of the sub-
strate and microenvironment is minimal. 
To determine whether the rate of decomposition undergoes seasonal 
or climatic influence replicate sets of litter bags (to allow for intra-
site variability) should be assayed, both for overall weight loss and 
change in chemical constituents, at intervals throughout the study 
period. 
The relative contribution of organisms in the decomposer food webs 
may be assessed by the use of litter bags with different mesh sizes. 
Many such experiments have been made and a good example is that of 
Anderson (1973) who used three mesh sizes (5 mm, 1 mm and 45 microns) to 
progressively exclude decomposer animals. However, it is important to 
-remember that juvenile stages and eggs are usually smaller than adult 
forms and that any deformation of the bag material may encourage 
invasion. In addition litter bags with different meshes will possess 
different microenvironments, for example a very fine mesh may retain 
moisture longer than its surroundings while a wide mesh may encourage 
drainage. 
6.2 METHODOLOGY 
6.2.1 The choice and preparation of 'natural' litters 
The representative litters of Mossbank and Grassland were collected 
and prepared as follows: 
At the Mossbank, peat from the 2-10 cm depth was chosen as this 
omits the upper growing region while stopping short of the more decom-
posed and friable lower levels. Blocks of this layer (8 mixture of the 
mosses polytrichum alpestre and Chorisodontium aciphyllum with the former 
predominant) were sectioned vertically into pieces of approximately 
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5 x 3 x 1 cm. These small blocks were then dried at 55°C for 5 days 
(a regime shown by control experiments to render the moss incapable of 
regeneration) and stored at 25-30o C until required. 
Since the standing dead leaves at the Grassland were infected by 
perithecial or pycnidial fungi (probably including the Chaetophoma sp. 
described by Hurst (1982» F. contracta culms were chosen as infection 
in them was less and more uniformly distributed. Culms were trimmed to 
remove remains of the inflorescence and remains of the flag leaf. This 
provided a robust and uniform litter, about 8-10 cm in length, which was 
then dried at 55°C for 14 days and stored at 25-30o C until required. 
6.2.2 Preparation of litter bags 
Two 'different materials were used to produce litter bags with 
different mesh sizes. One consisted of glass fibre overlaid with plastic, 
giving a uniform rectangular aperture 1.3 x 1.2 mm, while the other con-
sisted of double-woven nylon fibrils with an aperture of less than 0.1 mm. 
While the former will permit the entry of all the South Georgia 
specie$ detritovores with the exception of two beetle} the latter will exclude 
all adult formsexcept those of the smallest mites (C.C. West pers. comm.). 
The bag size and shape decided on was an envelope 5 x 20 cm as it 
was found that 3 g of either litter material (that quantity selected 
with decomposition rates of 5-10% p.a. in mind) could be used in such 
bags without unduly distorting them or leaving excess unused space. 
The final thickness of the bags was approximately 1 cm. 
Rectangular, individually numbered bags were made and sealed on 
three sides. Approximately 3 g quantities of dry litter were then 
carefully placed in each bag and the bag sealed. Loose litter was 
removed by gentle shaking, the bags weighed and stored in a warm 
cabinet until use. 
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6.2.3 Site location and insertion of bags 
To reduce possible interference between this and other experiments, 
the litter bags were placed, at least 20 cm apart, in randomly chosen 
even-numbered quadrats at both the Mossbank and Grassland. After care-
ful transport to the sites (in plastic bags so that any weight loss 
could be assessed) the bags were inserted as follows: 
After cutting the upper litter or moss with a sharp knife, a 
sharpened steel plate (3 mm x 20 cm wide x 30 cm long) was inserted 
vertically and hammered to the depth required. On removal this left a 
slot sufficiently wide to allow the careful insertion of litter bags 
(dampened with sterile distilled water to reduce litter loss). At the 
lower levels of both sites long handled tongs were used both to insert 
and remove litter bags, thus reducing disturbance to the soil or moss. 
A schematic representation of this is shown in Fig. 33. 
At the Mossbank 36 bags of each of the two mesh sizes were inserted 
at three depths (0-5, 5-10 and 10-15 em) in February 1977 and replicate 
sets removed over a 33 month period. At the Grassland 45 bags of each 
of the two mesh sizes were inserted at two depths (0-5 and 5-10 cm, 
effectively litter and topsoil) in February 1977 and replicate sets 
removed at intervals until November 1979. Only two levels were 
investigated at this site as a stony layer made deeper insertions 
impracticable. 
6.2.4 Removal and subsequent treatment of litter bags 
Replicate sets of each bag type and from each depth investigated 
were removed from the Mossbank and Grassland (Table 15). Sets were 
chosen at random from those remaining and the bags were located within 
the quadrats by nylon fishing line from them to a peripheral marker. 
Before each bag was removed the vegetation immediately surrounding the 
insertion slot was noted as a percentage of that area. 
Great care was taken not to disturb the contents when removing 
Fig. 33 The positioning of litter bags 
5 
litter bags 
Nylon tracer lines 
Outline of quadrat 
Slot cut with plate 
Surface of moss 
(or litter) 
Depth below surface 
(in cm) 
-" 
v.J 
-" 
Table 15. 
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A summary of litter bag removals 
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Legend: R denotes the removal of replicate sets of each type of bag from three 
depths at the Mossbank and two at the Grassland 
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the bags which were then packed in plastic bags and returned to the 
laboratory. While most were treated immediately, those removed in 1979 
were frozen and returned to the UK before cleaning. 
Bags removed from the Grassland were found to have been invaded by 
both roots and soil. As it was impossible to remove this material from 
the outside the bags were carefully opened with a scalpel under an 
illuminated bench magnifier and the remaining litter (and associated 
debris) removed to a shallow white dish. After checking that no litter 
remained a fine water jet and soft brush were used to remove soil 
particles from the bag material while roots were withdrawn using very 
fine forceps under the illuminated bench magnifier. The partly 
decomposed culms were then cleaned under magnification and water by 
gentle brushing to remove soil and forceps to remove roots. The cleaned 
material was then returned to its bag (without sealing) for drying and 
the remaining washings picked over under illuminated magnification to 
ensure that none of the original litter was discarded. 
Bags removed from the Mossbank contained no soil and only a few 
roots but both they and the litter they contained had been penetrated by 
moss shoots and liverworts. Although it was possible to pick off shoots 
from the bags with fine forceps under magnification, it was found 
necessary to open them both to clean the interior and to inspect the 
remaining moss litter for ingrowing shoots. Although much extraneous 
material was removed in this way it is probable, especially with bags 
placed in the growing layer, that some shoots and liverworts remained in 
the moss and would thus effect weight loss due to decomposition. After 
cleaning,bags and litter were reassembled for drying. 
All bags were dried at 45°C for three months before final 
a 
weighings were made. These were carried out inLwarm room (to decrease 
absorbtion of water vapour) and the true weight of litter remaining 
calculated from weight of bag plus litter and weight of bag alone. 
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6.2.5 Planning of control experiments 
A number of controls were used to consider whether: 
A. The bag materials would significantly change weight during the 
final sealing process. 
B. The bag materials would change weight during long-term storage, 
drying or while in the sites. 
c. Significant quantities of litter were lost after weighing but 
before insertion of the bags. 
D. Significant quantities of litter were lost when the bags were 
put into, or removed from, the sites. 
6.2.6 Calculation of weight loss and confidence limits 
for each bag the following information was recorded: 
1. Dry weight of bag plus label at start of study. 
2. Dry weight of bag, label and litter at start of study. 
3. Dry weight of bag, label and litter after decomposition. 
4. Dry weight of bag and label after decomposition. 
5. Time (in days) of decomposition. 
from the original and the final weights of litter the actual weight loss 
(in g) over a known period (in days) was calculated. By reference to 
controls this was adjusted to weight loss due to decomposition. The 
mean weight loss of each set (ie. replicates of one bag type removed 
from the same depth of one of the sites at a sampling date) was then 
calculated with 95% confidence limits. These were then expressed as a 
percentage of the mean weight of the original litter and shown graphically 
as the percentage remaining at each sampling date. 
To compare the weight losses shown by the South Georgia litters 
with the study at Moor House (Heal, latter and Howson, 1978), the con-
stant fraction loss rates for Mossbank and Grassland were calculated. This 
rate is defined by the regression coefficient of loge wt/Wo as a linear 
function of time in years where Wt is the final weight and Wo the 
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initial litter weight. As this function assumes a linear loss (an 
assumption which in many cases is not true) it should be used with care. 
6.2.7 Nutrient changes during litter decomposition 
To compare the initial nutrient status of the litters and their 
rates of disappearance during decomposition with those of similar studies, 
dry samples of the original litters were hammer-milled and analysed and 
the results compared to those from pooled samples of partly decomposed 
litters. All analyses were carried out by Dr Roberts at the Institute 
of Terrestrial Ecology, Merlewood following the procedures described in 
Allen et ale (1974). Because the apparent nutrient changes are 
affected by the overall loss of material during decomposition, they have 
been calculated on the basis of the original weight of litter thus 
showing the changes in absolute, rather than relative, amounts. 
6.2.8 The correlation between litter weight loss and vegetation 
Nonparametric correlation analyses were carried out between the 
weight losses (as % loss in 100 days) shown by litter bags from the 
upper layers of each site (litter layer at the Grassland and 0-5 cm 
layer at the Mossbank) and the flora immediately surrounding the bags in 
situ. The analyses were made on (a) all available data (b) taking into 
account the different bag types and (c) taking into account the initial 
faster rate of decomposition. 
6.3 RESULTS 
6.3.1 Results of the control investigation 
Of the several control experiments employed, two were found to 
constitute significant sources of error: 
1. The bag materials showed changes in weight during long-ter~ 
storage, extended drying and during periods immersed in the sites. 
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These changes varied with site, bag material and time (both of immersion 
in the site and of drying). 
2. Significant quantities (relative to decomposition losses) of 
litter were lost when litter bags were placed in, or removed from, the 
sites. Insertion and removal of sets of 10 full bags of each material 
type were used to correct for this. Weight losses are shown in Table 16. 
Table 16. Weight losses of litter attributed to the insertion or 
removal of litter bags 
Site Mesh size of bag Mean weight loss (g) 
Exclusion mesh 0.001 
Grassland 
Wide mesh 0.006 
Exclusion mesh 0.035 
Mossbank 
Wide mesh 0.066 
6.3.2 Decomposition rates at the Mossbank and Grassland as measured 
by the litter bag technique 
At the Mossbank the decomposition of the peat was calculated for 
two bag types at three depths over the period February 1977 to November 
1979 and representative results (with 95% confidence limits) are shown 
in Fig. 34. Results using the exclusion material at the 0-5 and 5-10 
cm depths of the Mossbank have been omitted as they do not vary 
significantly from Fig. 34 B. Similarly the Mossbank results from wide 
mesh bags do not vary significantly between those at the 5-10 cm level 
and 10-15 cm level (Fig. 34 A). On the other hand the 0-5 cm graph 
shows a similar pattern up to the 22 month point and then an apparent 
increase in weight. This gain is considered to be due to the ingrowth 
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Fig. 34 The decomposition of Mossbank litter by the litter bag 
technique 
A. Wide mesh bags from the 10-15 cm depth 
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of mosses and liverworts and invalidates the use of this set of 
results. 
At the Grassland the decomposition of F. contracta culms was 
calculated for the two bag types at two depths (litter and topsoil) from 
February 1977 to November 1979 (Fig. 35). 
A comparison of Figs. 34 and 35 shows that while weight loss is 
much faster at the Grassland, there are intrasite differences which 
appear to be caused by the mesh size used. 
At the Mossbank the results from the wide mesh bags (Fig. 34 A) 
show a gradual loss of 3.5% in the first nine months and very little 
weight loss following this (less than 1% in-24 months). The exclusion 
mesh bags at all levels (Fig. 34 B) show similar eventual weight losses 
(5-7%) after 33 months but this seems to be achieved in an initial rapid 
loss of 4-5% in two months followed by a much reduced rate over the rest 
of the study period. Any seasonal pattern of decomposition in these 
cases is difficult to perceive as the weight losses are very low and 
confidence limits relatively large. However, the similarity of eventual 
decomposition rates suggests either that decomposition at this site is 
mainly microbial or that the exclusion mesh bags were not effective. 
The faster initial loss from all the exclusion mesh bags may reflect the 
faster colonization encouraged by the more stable microclimate of the 
bags or the protection of the microbial colonizers from predation. 
At the Grassland the wide mesh bags in litter and upper soil 
(fig. 35 A and C) show very similar patterns over the 33 month study 
period (with the exception of the March 1979 figure for the litter 
layer which was caused by the exceptional 4S% loss shown by one bag). 
Both have first year losses of 16-20% slowing to final losses of around 
23%. Exclusion mesh bags in the litter layer (fig. 35 B) show the same 
pattern as wide mesh bags at the same level (the enlarged confidence 
limits here caused by two exceptional weight losses of 55 and 51~). 
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Decomposition of Grassland litter in the litter layer 
using wide mesh (A.) and exclusion mesh (B.) litter bags 
(+/- 95% confidence limits) 
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Decomposition of Grassland litter in the upper soil layer 
using wide mesh (C.) and exclusion mesh (D.) litter bags 
(+/- 95% confidence limits) 
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The first year losses were both 16% and final losses 22 and 24% for 
wide and exclusion mesh respectively. Exclusion mesh bags in the upper 
soil (Fig. 35 D), while showing a first year rate of 16%, continue 
almost linearly to an eventual loss of 38% after 33 months. 
The regression coefficient plots for the constant fraction loss 
rates against time at one depth (Fig. 36) show a more linear relation-
ship to the Mossbank data which is not obvious at the Grassland. The 
constant fraction loss rate is the slope of these regressions and for 
. / -1 -1 ( the Mossbank is 0.01 g g yr mean of wide mesh bag results from 5-10 
and 10-15 cm levels) and for the Grassland 0.14 g/g-1 yr-1 (mean of 
exclusion bag results from litter and topsoil). 
6.3.3 The nutrient status of Mossbank and Grassland litters before, 
and during, decomposition 
The results of the analyses of the litters before the observed 
period of decomposition are shown in Table 17 along with comparable data 
obtained from the seasonal changes shown in Walton and Smith (1980). 
The results of analyses made during litter bag decomposition are 
shown graphically in Figs. 37-39 with values from the beginning of the 
study on the vertical axis. The changes shown in these figures suggest 
that the differences in decomposition rates between Mossbank and 
Grassland litter are due mainly to the decomposition of the cellulose 
fraction. While the a-cellulose and holocellulose fractions of the 
Mossbank litter (Fig. 37) remain stable at a relatively low percentage 
(the apparent increase being within experimental error), the a-cellulose 
from F. contracta culms decreases from 38 to 27% and holocellulose from 
76 to 49% over the 33 month study period. The lignin content of the 
Mossbank shows little apparent change, as might be expected from a very 
recalcitrant molecule. Comparisons cannot be made to Grassland results 
as there were problems with the initial analysis. 
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The nutrient status of Mossbank and Grassland litters 
before decomposition 
Mossbank Grassland Festuca Polytrichum Chorisod-
Litter Litter contracta 1 alpestre 1 ontium 
aciphyllum 
4.2 0.61 
0.12 0.03 0.25 0.5 0.5 
0.26 0.05 0.2 0.5 0.25 
* 43 47 
0.041 0.025 0.06 0.13 0.20 
0.35 0.19 0.60 1.3 1.0 
6.0 1.7 
* 23.0 38.0 
39.0 76.0 
* 33.0 16.0 
All results are expressed as percentages of sample dry 
weight. 
1 
1 Results, from Walton and Smith (1980) are for F. contract 
standing dead leaves and whole shoots of the Bryophytes. 
* Based on analyses after three months decomposition as 
original analyses unsuccessful 
Results not available 
Fig. 37 
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Chemical analyses of decomposing Mossbank 
and Grassland litter 
(All results expressed as percentages of sample dry wt) 
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Chemical analyses of decomposing Mossbank 
and Grassland litter 
(Legend as Fig. 37. All results expressed as percentages 
of sample dry wt) 
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Fig. 39 Chemical analyses of decomposing Mossbank 
and Grassland litter 
(Legend as Fig. 37. All results expressed as percentages 
of sample dry wt) 
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That litter decomposition at the Grassland proceeds faster than at 
the Mossbank is borne out by the relative decreases of organic carbon 
(Fig. 38 A). 
The decrease in percentages of nitrogen, potassium (Fig. 38), 
phosphorous and soluble carbohydrate (Fig. 39) are what might be 
expected during decomposition of Grassland litter but the increase in 
calcium, if not experimental error, cannot be explained in this way. 
Percentages of calcium, phosphorous, potassium and soluble carbo-
I:}t the Mossbank hydrate decrease steadily over the experimental per~odLand it is 
probable that their fluctuations are due either to the experimental 
error of the method or the ingrowth of shoots higher in these nutrients. 
The rise in the percentage of nitrogen (not seen at the Grassland) may 
be attributed to the ingrowth of material which could not be removed at 
the cleaning stage. 
6.3.4 Results of the correlation analyses between litter weight loss 
and vegetation 
The analyses show that for all the data there is only one significant 
association. This is a positive correlation (p < .05) between weight 
loss and the moss C. aciphyllum at the Mossbank. This level of sig-
nificance is maintained if data from the faster initial decomposition 
are omitted and is only lost if the data are split and narrow mesh bags 
considered alone. However, such a result must be considered of marginal 
value especially os a decrease in sample size can reduce it to 'not 
significant' status. 
6.4 DISCUSSION 
6.4.1 The weight loss of litters and their relevance to other studies 
The similarity of weight loss between wide and exclusion mesh bags 
in the Grassland litter layer suggests, as it does at the-Mossbank, 
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either that microbial decomposition is the major factor in the process 
or that the exclusion bags were not effective. The continued 
decomposition of material in exclusion bags in the upper soil may be 
attributed to various factors including: less extreme environment in 
the exclusion bag with respect to moisture and in the 0-5 cm soil layer 
with respect to both moisture and temperature, protection from grazers 
allowing continued exploitation of the substrate. 
Whichever decomposition process causes the weight loss appears to 
continue throughout the year even when the site temperatures are at, or 
just below, freezing. It is possible, however, that this is not an 
active phenomenon but due to leaching of smaller molecules at the spring 
thaw (Hurst, 1982). 
The first year weight loss shown by the F. contracta culms in the 
litter layer (mean 16%) is almqst identical with that found for standing 
dead leaves by 'Smith and Stephenson (1975) for another F. contracta 
grassland of similar altitude at South Georgia. A comparable study of 
the decomposition of grass culms, carried out on a cool-temperate 
Japanese grassland (Yamane and Sato, 1975), showed similar weight loss 
from Miscanthus sinenss culms over the first year (20%). This litter, 
placed directly on the soil, then decomposed more rapidly reaching 54% 
loss after 2 years. This is considerably faster than the two year losses 
of F. contracta either in the litter layer (25%) or upper soil (30%) and 
may be due to invasion by what they termed 'small animals'. The 
F. contracta weight loss also compares favourably with results for 
Carex stans standing dead placed on the surface of the hummocky sedge-
moss meadow at Devon Island (Widden, 1977) as this lost 20% of initial 
weight in the first year and a fUrther 10% in the second year. Additional 
litter bag studies have been reviewed by Heal and french (1974) and 
from these it can be seen that the weight loss of F. contracta is very 
similsr to that ~f comparable 'soft' leaves from a wide variety of sites. 
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Although there are fewer comparable studies on the weight loss of 
moss litter, Sonesson (1973) working with five Sphagnum sp. in Swedish 
moss communities, recorded first year losses varying from 0-10% and 
makes the point that the lower rates (0-6%) were found in the drier 
communities. This is directly comparable to the 3-5% first year loss 
found at South Georgia, especially as Sphagnum sp. lack the waxy 
protection of Polytrichum alpestre and may therefore be more easily 
invaded and decomposed. Studies of similar moss decomposition in the 
maritime Antarctic have shown even lower annual losses than at South 
Georgia (1% for C. aciphyllum (Saker, 1972b), 1-2% for Polytrichum and 
Chorisodontium (Fenton, 1978» as may be expected from the more extreme 
climate there. 
6.4.2 The nutrient status of Grassland and Mossbank litter 
The results of analyses of Mossbank and Grassland litter, outlined 
in Table 17 in comparison with the results of a similar study, show 
marked dissimilarities between the two. Differences between the Moss-
bank litter and the mosses studied by Walton and Smith (1980) may be 
attributed to their use of entire shoots the growing parts of which might 
be expected to be higher in nutrients than the lower dead material. 
However, their study on the standing dead of F. contracta should be 
comparable to culms of similar age status although the results plainly 
are not. A comparison of the Grassland litter analyses with studies on 
a variety of litters from other tundra sites (Heal et al., 1981) shows 
the calcium levels of F. contracta culms to be very low while potassium, 
nitrogen and lignin values are below those expected for such litter. 
fUrther comparison with litter of a similar material, Eriophorum 
vaginatum, shows leaves of this vegetation to have calcium and nitrogen 
levels of 0.20 and 0.97r. (of dry material) respectively (Heal, Latter 
and Howson, 1978) several times greater than the South Georgia material. 
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6.4.3 Substrate guality in relation to decomposition 
The rate of decomposition as a function of initial content of 
organic or inorganic components has been studied by Van Cleve (1974) in 
an attempt to quantify these relationships in the form of models or 
regression equations. The results of the South Georgia weight loss 
studies and analyses of original litters enable this work to be related 
to information, summarized by Van Cleve, from circumpolar IBP tundra 
sites and a taiga site near Fairbanks, Alaska. 
The relationship between the percentage weight loss of litter after 
two years and the initial percentage of lignin is shown for all the 
sites and South Georgia in Fig. 40. The figure supports the general 
hypothesis of Van Cleve that a slower rate of decomposition is associated 
with higher initial percentages of lignin. 
The relationship between the percentage weight loss of litter after 
two years and the initial carbon to nitrogen ratios is shown in Fig. 41. 
Although the South Georgia Mossbank value is included that for the 
Grassland has been amended as the original low nitrogen figure gave a 
ratio of 247. The nitrogen figure of 0.6% from Walton and Smith (1980) 
has been used to give the ratio of 78 in the figure. Van Cleve's 
premise for this relationship was that a lower C/N ratio supports 
decomposition as it may reflect more readily metabolized substances 
while an increased C/N ratio suggests more recalcitrant·materials. 
The linear relationship proposed for Figs. 40 and 41 is replaced 
by a curvilinear relationship between % weight loss and the initial 
percentages of calcium, potassium and nitrogen. The South Georgia data 
for calcium and potassium appears amongst similar vegetation types (fig. 
42 A and B) and, using the nitrogen value obtained by Walton and Smith 
(1980) for grass litter, provides the value shown in fig. 43. 
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The relationship between % weight loss after 2 years and 
initial % N (after Van Cleve, 1974) 
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6.4.4 Comparison of decomposition by the constant fraction loss rate 
The Moor House blanket bog gave results for dead Sphagnum sp. of 
between 0.023 and 0.078 g/g-1 yr-1 (Heal, Latter and Howson, 1978), 
faster than the South Georgia moss (0.01) but considered comparable in 
view of the wetter blanket bog habitat and the lack of waxy cuticle by 
Sphagnum sp. A closer comparison may be drawn with the results of 
Reader and Stewart (1972) who recorded a range of rates for mosses from 
/ -1 -1 0.001 to 0.017 g g yr • The annual loss rate shown by the cotton 
grass Eriophorum vaginatum at Moor House (0.10) is considered comparable 
to that of F. contracta at the South Georgia grassland (0.14). 
6.4.5 Climatic variables in relation to decomposition rates 
In an attempt to relate the weight losses shown by a wide variety 
of litters in different IBP sites, Heal and French (1974) determined 
which site variables seemed, from principal component and other analyses, 
to be important in decomposition and calculated regressions on these. 
Temperature-moisture interactions were found to be important and 
other variables correlated with these were omitted. Maximum rates of 
loss only were regressed, to minimise the effect of litter quality, and 
earlier South Georgian data were included. 
The regression of weight loss against temperature sum and moisture, 
produced the regression surface shown in Fig •. 44 from the equation shown 
below it. For the South Georgia Grassland (T = 1005, M = 2.69) and 
Mossbank (T = 1005, M = 7.05) the maximum percentage weight losses were 
calculated from the regression as JJ% and 25% respectively whereas the 
maximum experimental values were 20% and 5.5% for Grassland and Mossbank. 
While both the experimental maxima are below those predicted by the 
equation, the Grassland figure is more comparable than that of the 
Mossbank. 
However, in the regression equation no account was taken of soil 
Fig. 44 
o 
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Regression surface showing the maximum first-year losses 
(as %) of litters in tundra sites, in relation to 
temperature sum and soil moisture (from Heal and French, 
1974), with the regression equation beneath. 
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Percentage loss = (0.0147 x T x M) - (0.00289 x T x M2) + 
(0.000152 x T x M3) + 11.62 
Where: T = Temperature sum (degree-days with mean soil 
temperature greater than ODC) 
(!:i (max + min» . 1 M = Soil moisture (g/g dry wt - ) 
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calcium or phosphorous although they were considered by Heal and French 
(1974) to be important variables representing soil 'quality'. The 
calcium and phosphorous levels of the South Georgia sites were 211 ppm 
and 24 ppm for the upper soil layer of the Grassland and 343 ppm and 110 
ppm for the upper level of the Mossbank (derived as means of one year's 
data - R.I.L. Smith, unpublished data). Most of these figures are much 
lower than the 'approximately average tundra' values of 1100 ppm (calcium) 
and 60 ppm (phosphorous) quoted by Heal et ale (1974) and this may, as 
discussed by Heal and French (1974), significantly change the expected 
weight losses. 
The basic data set of 75 litters used by Heal and French (1974) for 
the regressions, contained 35 litters considered as 'soft leaves' and 
only 13 moss litters. The low proportion of slowly decomposing moss 
types in this set may have influenced the shape of the response surface. 
6.4.6 The correlation between weight loss of litter and site vegetation 
The significant positive correlation between~ight loss and 
c. aciphyllum at the Mossbank, although only significant at the 5% level, 
is interesting as viable bacteria at the 0-2 cm depth and viable fungal 
propagules at the 6-8 and 12-14 cm depths also show significant positive 
correlations (p < .01, p < .01 and p < .001, respectively) with this 
vegetation. This may be interpreted to support microbial decomposition 
as being a major factor at this site. 
However, these correlations are not continued when considering the 
cellulolytic bacterial and fungal populations as a significant positive 
correlaticn is only seen between c. aciphyllum and the cellulolytic 
bacteria of the 12-14 cm depth. This lack of association may be a 
function of the limited data for these organisms or the methods of 
isolation used. 
- 158 -
CHAPTER 7 
THE DECOMPOSITION Of A STANDARD SUBSTRATE 
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7.1 INTRODUCTION 
7.1.1 General Introduction 
In all studies of decomposition of organic matter in the field, 
the rate will be effected by the interrelationship of a number of 
factors: the climate, the soil conditions (Primary substrate quality 
(Van Cleve·, 1974» and the chemical and physical composition of the 
organic matter (Secondary substrate quality (Van Cleve, 1974». In 
order that intersite differences could be analysed it was necessary to 
reduce the complexity and variability in substrate quality. Plant 
material was clearly not suitable for this and an artificial substrate 
Was therefore selected. 
Cellulose was considered the most important biological material 
for study as it is a major constituent of plant litters and its 
decomposition of prime importance to the mineralization of carbon 
especially in regions, such as tundra, poor in flora and fauna. 
Cellulosic materials have long been used as model substrates for the 
study of decomposition; Starkey (1924) used filter paper, Tribe (1961) 
cellophane and Griffiths and Jones (1963) lens tissue, but the fragility 
of these materials and lack of consistency in their results precluded 
their use in a major study. 
In the lBP Tundra Biome programme two distinct methods were used. 
In the more common method weight loss of cellulose pieces {either dried 
sheet cellulose of 100% glucan (Rosswall, 1974) or never-dried porous 
cellulose of 85% glucan (Berg and Rosswall, 1972» was determined after 
a certain time period. The second method involved measurement of the 
change in tensile strength of cotton material as an indication of 
decomposition. This latter method was chosen for the South Georgia 
study since it was considered to reflect the earlier stages of 
decomposition better than weight loss measurements, was less variable 
than the cellulose sheet and easier to handle in the field. 
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7.1.2 Loss in the tensile strength of cotton material as a measure of 
decomposition 
The burial of test materials has long been used in the textile 
industry to assess the effects of field exposure and the effects of 
fungicides on cloth degradation and the method of tensile strength 
testing such materials has a British Standard (Anon, 1959). Although 
the method has been used to study cellulase decomposition in the 
laboratory (Anon, 1967; Hueck and Van der Toorn, 1965) it is only 
recently that the method has been adapted for ecological use (Heal et 
al., 1974, Latter and Howson, 1977). The decomposition of the cotton, 
unless the material is protected in some way (Allsopp and Eggins, 1972), 
is the result of all the decomposer organisms present and therefore 
represents a decay potential which may be compared directly to that of 
ather sites, habitats or ecosystems. 
The measurement of decomposition by the loss in tensile strength 
of cotton material has a number of advantages over other methods: 
1. It is more sensitive than weight loss experiments. latter and 
Howson (1977)showed that a 100% tensile strength loss was equivalent 
to a 20-25% weight loss. Halliwell (1965) found that early enzymic 
breakdown of cotton involves the random formation of short fibres and 
hence a decrease in tensile strength prior to weight loss. 
2 •. Cotton is almost pure cellulose so tensile strength loss can 
be used as an index of the decomposition of the cellulose in litter. 
3. As the substrate is pure the initial fast weight loss due to 
the leaching of soluble nutrients is avoided. 
4. Unlike weight or cellulose loss, tensile strength is not 
greatly effected by contamination with soil or microbiological 
materials. However, to ensure standardization and reduce the possibility 
of additional decomposition during storage, a cleaning technique is 
advisable (latter and Bancroft, pers. comm.). 
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s. By inserting strips vertically in the soil the potential for 
decomposition of a number of horizons may be tested at once. 
6. Careful field procedures can ensure minimal disruption to the 
soil and the flexibility of the material ensures that it conforms to 
the profile and quickly develops close contact with it. 
7. The use of overlapping series of strips allows the integrated 
study of seasonal effects both inter- and intra-site. 
Although there are drawbacks with this method they are outweighed 
by its adaptability and the ease with which experiments may be performed. 
One of the major drawbacks, that of variability of the cloth, has 
recently been minimised by the introduction of the new Shirley Test 
Cloth (fully described in Walton and Allsopp, 1977) which was used 
throughout the South Georgia study. 
7.2 METHODOLOGY 
7.2.1 Preparation of the cotton strips 
The Shirley test cloth was divided into 10 cm wide strips by 
cutting across the warp with scissors while endeavouring to damage the 
weft as little as possible. These 90 cm long strips were then further 
cut into three 30 x 10 cm. As the material had been desized and 
boiled during the finishing operation it was considered as near to 100% 
cellulose as possible and no further washing operations were carried 
out. 
The strips were then placed between sheets of filter paper, wrapped 
in aluminium foil in batches of six and sterilised in an autoclave at 
15 lbsper sq in for 15 minutes. The sterile packages were then stored 
in dry conditions in the laboratory before being placed in the field. 
7.2.2 Site distribution 
While the insertion and removal schedule for all cotton strips is 
- 162 -
shown in Fig. 45, the distribution of strips varies between the main 
(Mossbank and Grassland) and subsidiary (Dwarf Shrub and Mire) sites. 
At the main sites even numbered quadrats had been reserved for long 
term decomposition experiments and from those not. already occupied a 
number were chosen at random to contain cotton strips. Three strips 
were placed in each quadrat, no closer than 20 em apart. As there was 
no fixed quadrat arrangement at the subsidiary sites the strips were 
arranged in groups of eight around a central wooden stake (to assist 
location) and the groups spread across the sites. 
7.2.3 Nutrient enriched strips 
To study possible nutrient limitations on the colonization and 
decomposition of cotton strips an enrichment experiment was carried out 
in the Antarctic summer of 1979 over the period shown in fig. 45. 
Sterile strips were soaked for 24 hours in sterile solutions of 0.1 N 
sodium dihydrogen orthophosphate, 0.1 N sodium nitrate or distilled 
water (as control). The strips were allowed to partially dry before 
eight of each treatment were inserted into each of the four aites, 
taking care that diffusion or leaching of nutrient should not interfere 
with neighbouring experiments. 
7.2.4 Method of strip insertion 
Because of the likelihood of compaction or disturbance of the 
vegetation when using the insertion method of latter and Howson (1977) 
at sites dominated by mosses (i.e. the Mossbank and Mire) the following 
method was adopted for all sites. 
After cutting a vertical slot in the vegetation with a sharp knife, 
a 3 mm sharpened steel plate 10 cm wide and 30 cm long was introduced 
and hammered home. The sharp edge cut lower vegetation cleanly and 
removing the plate with a quick jerk minimised disturbance of the soil 
profile. The lower 3-4 cm of a cotton strip was then folded over a 
1977 1978 1979 
J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D 
r--K R 
I R R R R 
Mossbank site R R II R R R 
NI R 
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Nl ---R 
1-r--R 
Dwarf Shrub site I R 
NI -R 
R 
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NI r---R 
Legend: I denotes insertion of strips 
NI denotes insertion of enriched strips 
R denotes removal of strips 
Fig. 45 Cotton strip insertion and removal schedule (including enrichment experiments). 
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thin blunt aluminium plate (3 mm x 10 cm x 30 cm) and this used to 
introduce the strip into the precut slot. In general strips were 
inserted until only 2-3 cm remained visible above the surface but in 
some cases, most frequently at the Grassland, the strips could not be 
placed through the stone layer and the cloth left above the surface 
was trimmed until only 2-3 cm remained. As each strip was inserted 
the vegetation immediately surrounding it was recorded. 
7.2.5 Removal of replicate strips and pre-tensile testing treatment 
The first removal of strips (April 1977) constituted six replicates 
from Mossbank and Grassland but thereafter this was increased to eight 
replicates from all sites. At the main sites strips were removed from 
three randomly chosen quadrats on each occasion and at the subsidiary 
sites four strips were taken from two randomly chosen groups. 
Insertion or removal of cotton strips from any of the sites was 
not possible until the soils had thawed to below 30 cm. Strips were 
removed from the Mossbank by cutting a block of peat away from one face 
of the strip, marking the position of the moss surface with a soft 
pencil and carefully peeling it away from the peat face. The removal 
of all strips was carried out from top or bottom to minimize disturbance 
of the decomposed weft threads. At the Mire site a large block of peat 
containing the strip was dug out and then sliced open to remove the 
strip. Taking strips from the Grassland was always a difficult 
procedure due to the presence of stones. The most satisfactory method 
was to cut and remove the litter from one face of the strip and then 
to carefully dig out the soil and stones with a spoon until all the 
strip was exposed for removal. In addition to marking the litter 
surface on these strips the litter/soil boundary was also noted. At 
the Dwarf Shrub site a similar method was adopted but here the problem 
was compounded by the presence of roots and the high cellulolytic 
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activity in the upper layers which rendered the strips extremely 
fragile. 
After removal the strips were annotated and packed flat in foil 
for transport to the laboratory where they were stored overnight at 4°C 
before cleaning. Soil and peat particles were cleaned off the strips 
to remove any effect of soil impregnation on the tensile strength 
measurements and to minimise any further decomposition during storage. 
Each strip was soaked in distilled water then rinsed in a gentle water 
jet whilst brushing lightly with a soft haired paintbrush. This treat-
ment was considered to cause as little damage as possible to the cloth and 
has since been supported by the findings of latter and Bancroft (pers. 
comm.). The strips were then dried at 45°C, placed between sheets of 
filter paper, wrapped in foil and stored at room temperature until 
tensile strength testing. 
7.2.6 The planning of control sets 
Several sets of contrOL strips were used to ensure that any loss in 
tensile strength could be attributed to decomposition processes alone 
and was not due to either the preparation procedure or to the 
methodology of the experiment. 
The following control sets were used: 
1. A set cut from the roll, foil wrapped and stored without 
sterilisation. 
2. A set cut from the roll, foil wrapped and sterilized at 15 psi 
for 15 mins before storage at room temperature. 
3. A set of sterile strips inserted and immediately removed from 
each site, then washed, dried and stored following the methods 
described. 
Of these control sets, while the first two are interesting in that 
they reveal changes in the cloth during preparation, only the last is 
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important as it provides the baseline for each site from which tensile 
strength losses may be calculated. 
7.2.7 Determination of tensile strength losses 
The strips were cut into the widths shown in Fig. 46 A and the cut 
edges frayed away until 2 cm (70 threads) remained (Fig. 46 B). 
Accurate fraying was facilitated by the inclusion of coloured threads 
in the warp of the cloth although the work of Latter and Bancroft (pers. 
comm.) has suggested that these coloured threads might respond 
differently to microbial decomposition. The sub-strips were then held 
at 20 De and 65% relative humidity for at least 24 hours before their 
tensile strength was measured as this varies with the moisture content 
of the cloth (Latter and Howson, 1977). 
The tensile strength along the length of the 2 cm wide strips was 
then determined using a Monsanto type W Tensometer with Universal grips 
and a traverse speed of 114 mm/min. The recent study of Latter and 
Bancroft (pers. comm.) suggests that 5 cm wide pneumatic jaws might be 
preferable as they reduce the slippage sometimes found with the 
manually operated ones. These were not, however, available at the time 
of testing. 
By testing all the 2 cm strips from a set removed from a particular 
site at one time the means and standard deviations with depth may be 
obtained. Relating these to control strengths derived from the 
insertion and removal set for that particular bolt of cloth and site 
permits the calculation of the percentage loss in tensile strength down 
the soil profile for a particular site over a given time period. 
The use of overlapping series of cotton strips at a number of 
sites allows both inter- and intra-site comparisons to be made. These 
may follow the process with time at each site, may take the form of 
comparisons of tensile strength losses converted to a known time 
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Fig. 46 Cotton strip methodology 
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B. Enlarged 2 cm section of strip 
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2 cm (10 threads) wide. 
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period, or may attempt to relate the decomposition process to climatic 
changes. 
7.2.8 The correlation between the tensile strength loss of cotton 
strips and vegetation 
Nonparametric correlation analyses were carried out between the 
loss in tensile strength of the cotton strips and the vegetation 
immediately surrounding them in situ. Anaiyses were made on data from 
each of the four sites and several depths were considered at each. 
Data were from six sampling occasions over two years at Mossbank and 
Grassland, five sampling occasions over 15 months at the Mire and 
winter and summer periods at the Dwarf Shrub site. 
7.3 RESULTS 
7.3.1 Patterns of cotton strip degradation 
The results of the cotton strip degradation experiments are shown 
for the Mossbank, Grassland and Mire sites (Figs. 47, 48 and 49 A) as 
decomposition surfaces. In this way the change in decomposer activity 
both down the profile and over a long period may be considered 
together. Each point on the surface represents the mean percentage loss 
in tensile strength of a number of replicate strips in comparison to 
insertion controls. Thus although the decomposition process is shown 
as additive, each point refers directly to the initial control set. 
As there was very active decomposition at the Dwarf Shrub site, 
sampling frequency was insufficient for results from there to be 
presented as a surface. However, strength losses down the profile 
over discrete periods may be compared directly by adjusting both to a 
comparable time period (Fig. 49 B). 
The loss in tensile strength over a two year period at the Mossbank 
(fig. 47 A) suggests an initial slow period of decomposition down the 
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Fig. 47 Decomposition surfaces for the Mossbank from February 1977 to 
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Decomposition s urfaces for the Grassland from February 1977 
to February 1979 CA.) and from November 1977 to February 1979 (B.) 
% loss in tensile strength 
Time 16 
(mths) 14 
12 
10 
Time 
(mths) 
3-5 
6-8 
9-11 
12-14 
15-17 
18-20 
21-23 
24-26 
22 
20 
18 
10 20 30 40 50 60 70 80 90 1 0 24 ~ __ ~~~~__ ~__ ~ __________ ~~-;
% loss in tensile strength 
10 20 30 40 50 60 70 80 90 100 
- 171 -
Fig. 49 Decomposition surface for the Mire from December 1977 to 
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entire profile, possibly the combined effect of colonization and the 
winter period. This is followed by a gradually increasing decomposition 
rate throughout the second year. Over most of the study period the 
surface (0-2 cm) appears less active than the next level (3-5 cm) but 
similar to deeper levels (6-20 cm). At even greater depths increased 
decomposer activity is found which after two years is similar to that of 
the upper levels and some 40% greater than that shown by the inter-
mediate (9-20 cm) region. The apparent anomaly over the period 
December 1977 to february 1978 (months 10-12) may be due to the higher 
summer temperatures which dry out the upper layers and appear to reduce 
decomposition while encouraging that in lower levels where moisture 
does not become limiting. The decreased decomposition seen in the May 
- October periods of both years is considered to be the effect of lower 
winter temperatures. 
A second series of strips in the Mossbank provides essentially 
similar information (fig. 47 B) but with increased decomposition in the 
lower levels developing more quickly than in the previous set. The 
apparent anomaly here (October 1978 - february 1979, months 11-15) is 
very similar to that seen in fig. 47 A and is probably also due to 
summer temperatures. It is interesting that both sets were similarly 
affected during their first summer period but that this is not found 
during the second summer (fig 47 A). It is possible that by this time 
the decomposer organisms have become so well established in the cotton 
fibre that the effects of drying are diminished. 
At the Grassland the. pattern shown by a similar two year study 
(fig. 48 A) is initially one of a slow rate in the upper litter with 
faster decomposition in the lower litter and in most soil layers. The 
first winter diminishes the rate over the entire strip but the effect is 
most marked in the uppermost soil (6-14 em). The reduced rate of 
decomposition noted for the uppermost moss during its first full summer 
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is repeated at the Grassland but here only in the upper litter layer 
(0-2 cm); activity in other horizons increasing with the higher summer 
temperatures. By the beginning of the following winter a pattern of 
nighest decomposition at the litter/soil interface has become 
established which continues to the conclusion of the study. 
The second Grassland series (Fig. 48 B) shows very similar final 
results to those from the initial series after 15 months decomposition. 
In this case the reduction in the rates seen in the litter and upper 
soil layers appears to occur during the winter months but as strips 
were removed in October 1978 this may have been caused by drying 
effects after the early melt in this year. 
The pattern of decomposition observed at the Mire site (Fig. 49 A) 
is very different from those seen previously. Decomposition in the 
upper growing levels (0-2 cm) caused only 10% loss in tensile strength 
in the first two months but this rate increased down the profile to 70% 
at the 12-14 cm level and thereafter diminished to 15% at the 24-26 cm 
level. The high rate of tensile strength loss"at the 12-14 cm horizon. 
indicates the 'fermentation layer' or layer of maximum biological 
activity noted by lawson at this site (pers. comm.) above which are the 
growing shoots of Tortula robustaand Rostkovia magellanica and below 
which is waterlogged, greasy peat which may become anaerobic. 
Colonization at this site is very fast and is probably related to the 
plentiful supply of water. 
The fast initial rate was not, however, maintained but decreased 
steadily until 98% tensile strength loss had been accomplished at this 
level after 15 months. Over this period the decomposition above and 
below the most active layer continued at an increasing rate until by the 
end of the study 65% and 87% losses in strength were shown by the 
uppermost and lowest horizons respectively. The decrease in loss rate 
of the upper horizons between January and March 1979 is considered to 
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be due to dry summer conditions and is the only obvious occasion of 
climatic influence seen at this site. 
The very high decomposition rates found at the Dwarf Shrub site 
during summer (100% loss in about 100 days) precluded the preparation 
of a decomposition surface but sets decomposed over summer and winter 
periods were compared by adjusting both to a 100 day period (Fig. 49 B). 
It is perhaps not surprising that high decomposer potential, especially 
during the summer, is found even at considerable depth at this site 
since nutrient input from the dwarf shrub and its roots will be con-
siderable, the underlying peat is unlikely to dry out sufficiently for 
moisture to be a limiting factor and the northern aspect of the site is 
advantageous in terms of radiant energy input. 
7.3.2 The comparison of rates of tensile strength loss 
In order to compare the rates of tensile strength loss down the 
profiles of the sites with time, surfaces were prepared (Figs. 50-52) 
with the percentage loss in tensile strength per day on the y axis. 
Sampling dates are presented equidistant on the x axis. 
The Mossbank surface (Fig. 50 A) suggests that decomposition is a 
slow process at this site and changes little with time or depth. The 
second series (Fig. 50 B), while eventually . showing rates similar to 
the first, suggests a longer colonization period to establish the basal 
rate at the surface (possibly as insertion of this series was made in 
the dry early summer) but a more active period at depth. 
The Grassland surface (Fig. 51 A) shows an initial burst of 
colonization down most of the soil profile. This falls back within 10 
months to a basal rate, approximately twice that of the Mossbank, which 
is found at all depths and which continues throughout the study period. 
The second series (Fig. 51 B) suggests a longer colonization period in 
the upper layers but a more active initial rate at depth. The basal 
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Fig . 50 Surface representation of the rate of tensile strength loss 
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Fig . 51 Surface representation of the rate of tensile strength loss 
at the Grassland from February 1977 to February 1979 CA . ) 
and from November 1977 to February 1979 (B.) 
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Fig . 52 Surface representation of the rate of tensile strength loss 
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rates for all depths are developed by 11 months although those of the 
lower litter (3-5 cm) and upper soil (6-8 cm) are above those from the 
ear lier set. 
The Mire surface (Fig. 52), while showing a steady decomposition 
rate at the 0-2 cm level, shows much higher initial rates further down 
the profile especially at the fermentation layer (12-14 cm). These 
high rates are not, however, maintained and a basal rate is established 
after approximately a year. This rate of 0.15 to 0.2%/dy is greater 
than that of either the Mossbank (0.05 to 0.10%/dy) or Grassland (0.10 
to O. 15~~/ dy ) • 
7.3.3 Comparison of basal rates with depth 
It is important to standardize data to % per day rates of loss of 
tensile strength before making intersite comparisons~ The Mossbank, 
Grassland and Mire sites are compared (Fig. 53) as basal rates converted 
to a 100 day tensile strength loss. The Mossbank and Grassland profiles 
are shown to be similar, although the Mossbank is consistently lower, 
with higher rates found in the upper profile. The Mire profile is 
very different and clearly shows the higher decomposition potential of 
that site which is maximal at the 12-14 cm level and only slightly less 
below that while considerably reduced at the surface. 
7.3.4 The decomposition of nutrient enriched cotton strips 
Data for the tensile strength losses of nutrient enriched cotton 
strips over an 84 day summer period (December 1978 to March 1979) at 
the four sites were inconclusive and highly variable. At the Grassland 
the phosphate appears to have inhibited tensile strength loss, whilst 
at the Mossbank the addition of phosphate enhanced tensile strength 
loss whi~nitrate retarded it. Nutrient enrichment did not seem to 
cause significant changes to the tensile strength losses found at the 
Dwarf Shrub or Mire sites. 
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Because the rates of colonization of strips may be different at 
each site it would seem unwise to make detailed intersite comparisons. 
Similarly, as colonization of each strip may proceed at a different 
rate the high variability within each set may mask enrichment effects. 
7.3.5 Results of the correlation analysis between the decrease in 
tensile strength of cotton strips and vegetation 
For these correlation analyses the decrease in the tensile strength 
of cotton strips was considered in relation to the relative cover of 
the most important flora at each site. Throughout these results no 
correlations with a level of significance greater than 0.01 are 
considered. 
At the Grassland (Table 18 A) F. contracta and P. alpinum showed 
loss 
very strong positive correlations with tensile strengthLwhilst 
c. aciphyllum showed an equally strong negative response. The results 
of the Mire site correlations (Table 18 B) showed strong negative 
correlations between R. magellanica and tensile strength loss with a 
strong positive correlation for the Juncaceae. No results are shown 
for analyses of Mossbank or Dwarf Shrub data as none reached the 
required level of significance. 
7.4 DISCUSSION 
7.4.1 The South Georgia results in relation to comparable studies 
To set the South Georgia data in the general tundra context it 
Mas been converted to an annual loss in tensile strength from sets of 
strips removed closest to a one year period (Table 19). Incorporating 
the South Georgia information with that of Heal et ale (1974) results 
in Fig. 54. This presents the range of first year tensile strength 
losses from 22 subsites in 7 countries (shaded portion) with the 
South Georgia sites superimposed. The South Georgia Mossbank and 
- 181 
-
Table 18. Non-~arametric correlations between the loss in tensile 
strength of cotton and site flora 
A. Grassland 
Vegetation 
F. contracta P. alpinum c. aciphyllum 
** ** ** 0-2 
+ + + 
*** ** *** 3-5 
+ + 
Depth *** ** *** 6-8 (em) + + 
** *** *** 9-11 
+ + 
*** *** *** 12-14 
+ + 
B. Mire site 
R. magellanica Juncaceae 
0-2 NS NS 
** *** 3-5 
+ 
6-8 ** *** 
+ 
Depth 
9-11 *** ** (em) 
+ 
12-14 ** NS 
Statistical significance of Correlation Coefficients: 
p = < .001 *** 
P = > .001 < .01 ** 
p = > .01 NS (not significant) 
Table 19. A comparative data set of adjusted annual tensile strength losses in kg for the South Georgia sites 
Tensile strength loss (in kg) 
Depth (cm) Mossbank Grassland Mire Dwarf Shrub 
0-2 15.7 10.6 24.9 78.1 
3-5 19.1 24.6 31.7 76.6 
6-8 16.1 21.4 33.5 86.3 
9-11 13.8 19.0 35.5 80.0 
~ 
OJ 
12-14 11.6 19.8 36.1 87.8 N 
15-17 9.7 25.0 36.4 86.9 
18-20 10.6 23.4 34.6 77.3 
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Grassland are, in the main, within the range of Tundra results but 
while the upper part of the Mire site results are also found there the 
decomposer potential of the lower part of the Mire does not decline 
with depth, as all other bog-type sites do, but is maximal below 10 cm 
and continues close to this rate. to a depth of 20 cm. The Dwarf Shrub 
site appears exceptional in that it shows a rate of decomposition much 
higher than the other South Georgia sites and above the range of most 
other tundra sites and does not decrease with depth. The South Georgia 
decomposer potentials may then be summarised as showing little, or 
irregular, change with depth and with a range of activity increasing 
from Mossbank-Grassland-Mire-Dwarf Shrub. 
Although the adjusted annual tensile strength losses from a number 
of sites as shown in Heal et ale (1974) are one way of summarising data 
from many sources, there are a number of reasons why conclusions drawn 
from them should be treated with caution. 
If studies are made over different periods and these are less than 
ona year, there is a risk, when expanding to annual losses of tensile 
strength, that possible climatic and seasonal variations (Figs. 47-49) 
or variation caused by different rates of colonization (Figs. 50-52) 
will give results substantially different from an actual one year 
observation. In addition, unless strips which are intended for direct 
comparison are inserted during the same season and at approximately the 
same time, annual variations such as those shown by Heal et ale (1974) 
may affect subsequent conclusions. Examples of these points are the 
Glenamoy and Moor House data reported in Heal et ale (1974) and shown 
in Fig. 54. While their decomposer activity is undoubtedly greater 
than that of many of the, other Tundra sites it has been exaggerated by 
the expansion of tensile strength losses obtained over short periods 
(52. days in autumn at Moor House and 63 days in spring at Glenamoy). 
Although data from the South Georgia Dwarf Shrub site was also e~anded 
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to one year it was felt that this was justified as it was based on a 
154 day winter period. 
Further use of the summarised data has been made by Heal et al. 
(1981) in discussing the frequency of rates of decomposition of cotton 
strips in a range of Tundra sites and attempting to link these sites by 
the climatic classification of French (1974). Inclusion of the data 
obtained from the South Georgia studies (as first year losses over 
comparable periods) is shown in Fig. 55. It seems that such a wide 
range of decomposer potential has not previously been encountered and 
is not expected from an island with a cold oceanic climate. This leads 
us to consider whether a site classification by gross climate might not 
be too broad for the range of sites found in Tundra and whether 
available nutrients and other soil and microclimatic factors might not 
play a more important role. 
7.4.2 The relationship between weight loss and tensile strength 
Although the exact relationship between weight loss and the 
decrease in tensile strength is considered to be complex, Heal et al. 
(1974, 1981) state that a 100% tensile strength loss corresponds to a 
weight loss of 20-25%. Latter and Howson (1977) have shown that, using 
an enzyme preparation and two different soils as rotting agents, the 
relationship between strength loss and weight loss is linear between 
0-50% tensile strength loss. 
Considering the South Georgia figures in the context of these 
findings one would expect greater than 20-25% weight loss of material 
from the Dwarf Shrub site in a year and the same weight loss from the 
active layer of the Mire site in approximately 1% years. The com-
paratively low tensile strength losses seen at the Mossbank and Grassland 
are more difficult to assess but provided a linear relationship remains 
possible the 10% strength loss of the upper layer of the Mossbank in 
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one year (Fig. 47 A) would be equivalent to a 2-2.5% loss in weight. 
Similarly, at the Grassland the 45% loss in tensile strength (Fig. 48 A) 
in the first year would be equivalent to a 10% weight loss. 
7.4.3 The place of South Georgia data in the relationship between 
tensile strength loss and climate in Tundra regions 
In order to relate the tensile strength losses of cotton strips 
to site characteristics at a number of tundra sites, Heal et ale (1974) 
carried out regression analyses against the site components as classified 
by French (1974). The relationship between tensile strength loss and 
four individual site factors included in these components were 
investigated further and the best regression equation for these found. 
This is shown in Fig. 56 with the surface constructed from it. The 
values for phosphorous (60 ppm) and calcium (1100 ppm) are those given 
by Heal et ale (1974) as 'approximately average tundra' levels. 
For the South Georgia Grassland the degree day sum for one year 
was 1005 (measured at the -5 cm temperature probe) and yearly mean 
h '1 / -1 moisture of t e upper S01 was 2.36 g g dry wt of soil. Using this 
data in the regression formula with the 'average tundra' phosphorous 
and calcium figures gives a projected strength loss of 41.2 kg whereas 
the actual first year strength loss at that level was 28 kg. However, 
if the South Georgia figures for phosphorous and calcium of 24 and 211 
ppm are used (derived from mean of one year's data from the upper soil 
of the South Georgia Grassland - R.I.L. Smith, unpublished data) the 
predicted loss is 22.3 kg. For the South Georgia Mossbank, using the 
same temperature data (see 3.3.1) with mean moisture of 6.37 g/g-1 dry 
wt (from one year data from the 3-6 cm level) and average tundra nutrients 
gave an expected tensile strength loss of 37.3 kg compared to the 
maximum observed figure of 19.1 kg. Using site figures for phosphorous 
and calcium of 110 and 343 ppm respectively (yearly mean of 5-10 cm 
Regression eguation 160 
-; 
140 Cl) ::J 
(fl Tensile strength loss = 0.0011 (t x m x InP x InCa) - 0.0002 
..... 
f-' 120 Cl) 2 3 (t x m x InP x InCa) + 0.00001 (t x m x InP x InCa) - 5.3 
(fl 
rT 100 ., Cl) 
::J 
1.0 Where: t = temperature sum (0 days > ODC) 
80 rT ::J" 
""' 
m = mean soil moisture (g g-1 dry wt) 
60 " 1.0 P and Ca are ppm 'available' 
(Average tundra values P = 60 ppm, Ca = 1100 ppm) 40 
20 
..... 3000 OJ 
OJ 
fig. 56 The regression equation and 
surface expressing the relationship Temperature 
(0 days> DOC) 
between adjusted one year tensile 
strength loss and edaphic 
variables 1 2 3. 4 5 6 7 8 9 10 
Moisture (g g-1 dry wt) 
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level of Mossbank - R.I.L. Smith, unpublished data} gives an expected 
loss of 35.4 kg. 
The fit of the South Georgia Grassland data is good considering 
the unpredictable effect of the very low phosphorous and calcium levels 
at this site compared to 'average' tundra values. The fit of the 
Mossbank to expected tensile strength is not so good however, and even 
taking into account the low calcium level of this site still gives a 
high predicted strength loss. It is probable that this difference arises 
from the high moisture content of the peat of this kind of site compared 
to such levels when associated with grasslands. It is possible that in 
the original tundra data from which the regression was obtained, more 
attention had been paid to the more active tundra sites and thus a bias 
away from such slowly decomposing sites as the South Georgia Mossbank 
resulted. 
When using this regression equation to predict tensile strength 
losses it is interesting to note that the equation given in Heal et ale 
(1974) produces the surface shown in Fig. 56 which shows substantial 
differences to that shown in the paper. 
7.4.4 The decomposition of nutrient enriched model substrates 
Although there are no similar tundra studies involving the tensile 
strength loss of nutrient enriched cotton strips, experiments involving 
the weight loss of an enriched cellulose substrate have been made at 
the Swedish IBP site (Rosswall, Berg and Lundkvist, 19·73) and Dunican 
(in Rosswall, 1974) has recorded the loss in tensile strength of 
nutrient enriched cotton shoe laces at the Irish IBP site. 
It seems that the results of enrichment studies over short time 
periods might be expected to show variability depending on the rate of 
colonization of the strip, rate of leaching of nutrients from the 
material, possible inhibition by the initial concentration of nutrients 
and both nutrient and moisture status of the sites. Such variation may 
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easily obscure any nutrient effects. 
In addition to these points the lack of effect of nutrient 
enrich'ment at the Dwarf Shrub and Mire sites is considered to reflect 
both the high rate of leaching that might be expected from these wetter 
sites during the summer and their higher nutrient status. 
7.4.5 The correlation between the loss in tensile strength of cotton 
strips and site flora 
In explaining these correlations it is assumed that the loss in 
tensile strength is caused by microbial activity at the sites rather 
than by their flora or microfauna. 
At the Mire the close grouping of assimilatory shoots along the 
R. magellanica rhizome is likely to produce an almost continuous zone of 
nutrient depletion. The thickened and growing rhizome will provide few 
exudates, creating a microsite unsuitable for microbial growth and 
hence likely to show a negative correlation with tensile strength loss. 
In comparison the longer internodal distances in J. scheuchzerioides 
are likely to produce much less local nutrient depletion and their 
rapid growth and thin walls will provide additional rhizosphere nutrients 
in the form of exudates for the microbial population; hence the positive 
correlation with tensile strength loss. 
At the Grassland F. contracta has been shown to be a favourable 
microbial habitat while C. aciphyllum is not (Chapter J) and thus might 
be expected to show positive and negative (respectively) correlations 
with tensile strength loss. It is likely that due to the high 
frequency of occurrence of F. contracta and c. aciphyllum (40 and 68~, 
Table 4) these are true correlations but that the positive correlation 
with P. alpinum could be an artifact due to its low frequency of 
occurrence (7r.). 
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CHAPTER 8 
SOIL RESPIRATION AS AN INDEX OF BIOLOGICAL ACTIVITY 
- 192 -
8.1 INTRODUCTION 
8.1.1 General introduction 
Oxygen consumption during respiration reflects the total aerobic 
oxidative metabolism of all the organisms in any community. Although 
anaerobic processes are not directly measured reduced organic material 
will consume some oxygen. Thus respiration studies have come to be 
considered as a productive approach to the study of carbon and energy 
flow in terrestrial ecosystems. 
Soil respiration will include all floral and faunal components of 
the system and the difficulty of partitioning this may be considered a 
possible drawback. However, in tundra ecosystems the environmental 
constraints which have led to a paucity of the flora and macro-fauna 
have increased the importance of the microbial fraction in decomposition 
and hence in respiration. 
Although respiration may be measured either as the uptake of 
oxygen or the evolution of carbon dioxide, Howard (1967) points out 
that with soils, especially those in field condition, decarboxylation 
reactions besides oxidative decarboxylation may occur and that the 
measurement of oxygen uptake is therefore more preferable. Although 
electrolysis methods have been used for this purpose there are often 
associated practical difficulties. Most work has used the simpler 
manometric techniques where oxygen consumption is measured and all 
carbon dioxide evolved is absorbed onto alkali. 
While base absorption respirometry is considered a relatively 
simple and effective method of measuring oxygen uptake it makes several 
assumptions: (a) that the respiration rate will not be impaired by the 
absence of carbon dioxide, (b) that all carbon dioxide produced is 
absorbed by the alkali, (c) that all the oxygen is utilised in 
respiration. In addition one must keep in mind that all laboratory 
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respiration measurements are to some extent artificial as the soil has 
been removed from its natural surroundings and its aeration and other 
factors have been altered. Of the apparatus available in which base 
absorption respirometry of soils may be carried out the Gilson apparatus 
was chosen for the present study. 
The usefulness of any measure of oxygen consumption as a comparative 
index of decomposition is greatly improved if rates can be expressed on 
a standard basis. Thus data on a per unit volume, per unit weight or 
per unit organic carbon basis are a standardized measure of aerobic 
heterotrophic activity applicable to any substrate undergoing decom-
position. 
8.1.2 The use of the Gilson respirometer in soil studies 
The Gilson constant pressure respirometer (Gilson Medical Electronics, 
Inc.), described in Umbreit et ale (1972), has a number of advantages 
over other machines in that it is not necessary to calibrate the flasks, 
all vessels may be evacuated and gassed simultaneously, the use of a 
suitable sized compensating vessel minimizes corrections for barometric 
changes and temperature errors and the digital readout may be quickly 
adjusted and read without removing the active flasks from the water bath. 
In order that core sections could be studied in as near an undis-
turbed state as possible, special flasks (after Parkinson and Coups, 
1963) were made for the South Georgia study (fig. 57). 
Howard (1968). pointed out that the respirometer is only fully 
compensated if the total volume of compensation flask plus manifold is 
equal to that of the experimental flasks. The larger respirometry 
vessels used in this study necessitated the use of two compensation 
flasks to achieve this, one of which could be removed from the bath 
for the addition of water. as a fine adjustment. 
Temperature has been shown to be an important factor in the 
Stoppered 
side arm 
foil wrapped 
core 
fig. 57 A Gilson respirometry flask 
To manometer 
Level of waterbath 
Sodium hydroxide 
Tightly fitting bung 
.... 
\() 
p 
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respiration of soils (Flanagan and Veum, 1974; Singh and Gupta, 1977). 
While it is probable that such an influence would have been found if 
the South Georgia studies had been carried out at site temperatures 
this was considered neither desirable nor feasible in view of the low 
temperatures involved and because such an influence could easily hide 
other relationships. Instead all studies were carried out at 10°C and 
thus represent the potential biological activity at that temperature. 
As the cooling unit on the machine used was unsatisfactory the 
respirometer was housed in an aquarium room kept at 4-SoC and the 
temperature of the Gilson water bath maintained at 10°C by its heaters 
and thermoregulator. A sheet plastic cover restricted the air flow 
over the machine such that the manifold and micrometers, while not at 
10°C, were above the ambient room temperature. 
8.2 METHODOLOGY 
8.2.1 Sampling for respirometry 
Respirometry studies were carried out on Mossbank and Grassland 
cores at as near monthly intervals as possible from March 1977 to 
January 1979. Additional studies were made on material from the Mire 
and Dwarf Shrub sites at monthly intervals from October 1977 to January 
1979 with the exceptions of March and April 1978. 
At the main sites one core was removed from each of eight of the 
odd numbered quadrats reserved for destructive sampling. The quadrats 
and location of cores were. chosen using random number tables (Fisher 
and Yates, 1963). At the Dwarf Shrub and Mire sites, where no grid 
system exists, eight cores were taken on a random transect across the 
sites. 
The sampling methodology and transport of cores from each of the 
sites was as that described in Chapter 2 for microbiological studies. 
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As only eight respirometry vessels could be used on the Gilson 
respirometer sites were sampled separately at two day intervals to 
avoid possible storage effects. On return to the laboratory the cores 
were held at 10°C for a short period and their surface vegetation noted 
before they were sectioned. 
8.2.2 Preparation of vessels and respirometry measurements 
As the sites differ markedly in soil and vegetation a different 
approach was used in preparing cores of each for respirometry:-
Grassland cores were cut so that the respiration of two layers could 
be observed - the three cm of litter above the litter/soil interface 
and the top three cm of soil. With Mossbank cores the upper two cm of 
actively growing moss were removed to minimize its effect and the next 
two 3 cm sections (2-5 and 5-8 cm) investigated. Live Acaena 
magellanica and Tortula robusta were removed from the upper surface of 
cores from the Dwarf Shrub site and subsequent 3 cm sections used. The 
upper 2 cm of growing moss and Rostkovia magellanica were removed from 
the Mire site cores and the respiration of 3 cm sections studied. 
Core sections were wrapped in foil (leaving the upper surface 
exposed) to reduce further disruption and were then tightly sealed into 
the respirometry flasks. These were attached to the Gilson manometers 
and immersed in the 10°C water bath. After the compensating vessels 
had been adjusted for volume, attached to the apparatus and immersed 
the apparatus was left to equilibrate at 10°C for 12 hours with the 
operational valves and manifold valve open to atmosphere. After this 
period potassium hy~roxide (3 mt of 4 M solution) was placed in the 
annular well and further equilibration (1-2 hours) allowed. The 
manifold and operational valves were then closed and the respiration 
rates (as the rate of consumption of oxygen) measured at regular 
intervals over a twelve hour period or until several hours of steady 
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respiration had been observed. At each observation time the 
temperature at the micrometer and atmospheric pressure were noted and 
the respirometers returned to zero as necessary. 
8.2.3 Determination of the respiration rate 
From the direct observations made on each core section the uptake 
of oxygen was found in microlitres of saturated gas and, having noted 
temperature and pressure changes, may be converted to standard con-
ditions by a factor obtained from:-
(273) (Pb - 3 - Pw) 
(t + 273) (760) 
(Gilson operating manual) 
Where: t = Temperature at micrometer (in DC) 
Pb - 3 = Barometric pressure (in mm mercury) (less 3 to 
compensate for the specific gravity of Hg at 
room temperature) 
P = Vapour pressure of water at tOe (from tables) w 
Having converted all observed values to microlitres of dry gas at 
STP they may be compared directly and the respiration of each section 
of core followed graphically over the experimental period (Fig. 58). 
The respiration rate was taken as the final steady state of oxgyen 
consumption. 
8.2.4 Measurement of edaphic factors 
A number of edaphic variables were recorded, both on and close by 
the main and subsidiary sites, over the experimental period. Soil 
samples for moisture and pH were collected on each respirometry 
sampling date and their values obtained as described in an earlier 
section (3.2.1). Temperature data were obtained from the Grassland 
micrometeorological system and rainfall figures were abstracted from 
the British Antarctic Survey records for nearby Grytviken. 
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8.2.5 The statistical.analysis of the relationship between the 
respiration rate and edaphic variables 
The relationship between the respiration rates of material from 
each of the study sites and edaphic factors over the experimental period 
was investigated using the parametric correlation analysis described 
in Chapter 3. Data files were assembled for each site as detailed 
below with the abbreviations which will be used in subsequent sections: 
1. The respiration rate of the entire core (in ~t 02/hr-1) -
RSPRATE 
2. The mean respiration rate of the cores from one depth of a 
particular site (in ~t 02/hr-1) - MEANRT 
3. The respiration rate per gm dry weight of core material 
(~1 02/hr-1) - DRESP 
4. The mean respiration rate per gm dry weight of the cores from 
one depth of a particular site (~t 02/hr-1) - MNDRESP 
5. Two depths are considered at each site - DEPTH 
6. The moisture present considered as a percentage of the fresh 
weight of the cores - % MOISTURE 
7. The water present in each core (i.e. Wet weight - Dry weight) 
- WATER 
8. The hydrogen ion concentration of the sample locale - PH 
9. The rainfall (in mm) in the 5, 15 and 30 day periods prior 
to sampling - RAIN 5, RAIN 15, and RAIN 30 
10. The absolute maximum and minimum temperatures (in OC) of the 
substrate in the 10 day period prior to sampling - ABSMAX and 
ABSMIN 
11. The means of the daily maximum and minimum temperatures (in OC) 
of the substrate in the 10 day period prior to sampling -
MEANMAX and MEANMIN 
- 200 -
12. The overall mean temperature (in DC) of the substrate in the 
10 day period prior to sampling - MEAN 
8.2.6 The relationship between the respiration rate and vegetation type 
Data files were created for the Grassland, Mossbank and Mire sites 
containing the respiration rate per g dry wt of a core, the depth from 
which the core had been taken and the relative percentages of the major 
vegetation types present at the core's surface. Non-parametric 
correlation analyses, as described in Chapter 3, were then carried out. 
Data from Dwarf Shrub site were not included in these analyses as 
Acaena magellanica forms an almost unbroken sward at this site as does 
its moss understorey Tortula robusta. 
8.2.7 Presentation of the results for comparison within the study and 
with other work 
In order to make further intersite comparisons mean data for the 
two levels of each of the four sites were calculated as: (a) respiration 
of the whole core per hour; (b) respiration per g dry wt per hour; and 
(c) respiration per g organic carbon per hour. 
To provide comparisons with other studies the minimum, mean and 
maximum value of respiration per g dry wt per hour were found and con-
verted to ~g CO2/g dry wt/hr using the equation of state (1 gm mole of 
gas at NTP occupies 22.4 t) and assuming the RQ to be 1. 
8.3 RESULTS 
8.3.1 The relationship between the respiration rate and edaphic 
variables 
The relationships between the respiration rates of core material 
(as rate in ~t per g dry wt of core) and edaphic variables are given 
for two depths of each of the four sites in Tables 20 and 21. 
Table 20. The statistical significance of the correlations between Grassland and Mossbank respiration and 
edaphic variables 
DEPTH ro WATER PH RAIN RAIN RAIN ABS- MEAN- MEAN MEAN- ABS-
. MOISTURE~ 5 15 30 MAX MAX MIN MIN 
Respiration rate per 
* * * 
, 
* * NS i 9 dry wt of lowest *** (+) (-) NS NS NS NS (- ) (- ) (- ) NS 3 cm litter 
G rassland Respiration rate per 
*** * * NS NS NS 9 dry wt of top 3 cm (-) (+) NS NS NS (- ) (-) NS NS soil 
Respiration per 9 dry *** NS NS. NS NS NS NS NS NS NS *** (+) NS wt of 2-5 cm layer 
ossbank Respiration per 9 dry *** NS NS NS NS (- ) (+) NS NS NS NS NS NS wt of 5-8 cm layer 
M 
Sign of correlation: given as + or - Statistical significance 
only if it is significant of Correlation Coefficients 
p < .001 = *** 
p > .001 < .01 = ** 
p > .01 < .05 = * 
P > .05 = NS (not significant) 
N 
o 
~ 
Table 21. The statistical significance of the correlations between respiration at the Dwarf Shrub,and Mire sites 
and edaphic variables 
~ 
DEPTH MOI~TURE WATER PH RAIN RAIN RAIN ABS- MEAN- MEAN MEAN- ABS-5 15 30 MAX MAX MIN MIN 
Respiration rate per 
*** 9 dry wt of 0-3 cm *** NS (- ) NS NS NS NS NS NS NS NS NS Dwarf layer 
Shrub Respiration rate per 
** *** ** 9 dry wt of 3-6 cm (-) (+) (-) (+) NS NS NS NS NS NS NS NS layer 
Respiration rate ,per 
*** *** ** * * * * 9 dry wt of 2-5 cm *** (- ) (-) NS NS NS (- ) (+) (+) (+) (+) NS layer 
Mire Respiration rate per 
*** ** 9 dry wt of 5-8 cm (-) NS (-) NS NS NS (- ) NS NS NS NS NS layer . 
Sign of correlation: given as + or - Statistical significance 
only if it is significant of Correlation Coefficients 
p < .001 = *** 
P > .001 < .01 = ** 
P > .01 < .05 = * 
P > .05 = NS (not significant) 
N 
a 
N 
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No distinction is made in these tables to relationships between those 
edaphic features which may be referred to the respiration of individual 
cores (eg. % MOISTURE) and those which must be referred to a mean 
respiration value (eg. MEAN). Nevertheless, these relationships have 
been examined separately to prevent error through bias. 
8.3.2 The relationship between the respiration rate and vegetation type 
The results of the correlation analyses between the respiration 
rates (as~1 oxygen per g dry wt of core material) and vegetation type 
showed statistical significance at only one of the three sites 
examined - the Mossbank. At both depths there were significant negative 
correlations between respiration and Polytrichum alpestre (p < .001 at 
2-5 cm level and p < .01 at 5-8 cm level). There was also a very highly 
significant (p < .001) positive correlation at both deptns between 
respiration and Juncus scheuchzerioides. 
8.3.3 Weighting of data and conversion for intersite comparisons 
Mean respiration rates of cores from the four sites are shown 
(Table 22), in ~1 per hour, per whole core at site moisture, per g dry 
wt of core material and per g of core organic material. 
To enable comparisons to be made with other sites the mean maximum, 
overall mean and mean minimum values of respiration in ~t/02/g dry wt/hr 
for all four sites have been converted to ~g CO2/g dry wt/hr and are 
shown in Table 23. 
8.4 DISCUSSION 
8.4.1 The influence of edaphic factors on respiration 
The importance of the depth from which samples are taken is evinced 
by the veryhighlysignificant correlations between respiration and depth 
at all four sites and that these are negative indicates a decrease in 
respiration down the profile. 
Table 22. Presentation of respiration results (in ~~ O2) 
Mossbank G land Dwarf Shrub 
Mean respiration of 
whole core per hour 
(at site moisture) 
Mean respiration per 
g dry wt per hour 
Mean respiration per 
9 organic carbon per 
hour 
2-5 8 em Lowest per 3 em 0-litte soil 
56.7 36.4 59.0 44.2 217.5 
18.9 12.6 22.7 3.2 44.4 
18.0 12.1 20.4 1.5 40.0 
--- - -----
- -- ---_._- -
Mossbank and Grassland - means of 23 months data 
Dwarf Shrub and Mire - means of 14 months data 
em 
148.4 
22.5 
19.6 
M' 1'l.Lre 
2-5 em 
49.0 
49.0 
46.1 
5-8 em 
43.4 
31.0 
28.S 
N 
o 
+:-
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Table 23. Data conversion for inter-study comparisons 
MOSSBANK 
GRASSLAND 
DWARf SHRUB 
MIRE 
Depth 
(cm) 
2-5 
5-8 
Litter 
Soil 
0-3 
3-6 
2-5 
5-8 
Max 
Mean 
Min 
Max 
Mean 
Min 
Max 
Mean 
Min 
Max 
Mean 
Min 
Max 
Mean 
Min 
Max 
Mean 
Min 
Max 
Mean 
Min 
Max 
Mean 
Min 
Respiration in 
J.l2, 02/g dry wt 
of material/hr 
28.8 
18.9 
12.7 
19.8 
12.6 
8.6 
34.6 
22.7 
13.9 
6.8 
3.2 
2.1 
58.3 
44.4 
38.8 
31.5 
22.5 
18.4 
57.8 
49.0 
40.2 
38.4 
31.0 
26.5 
Respiration in 
J.lg CO2/g dry wt 
of material/hr 
56.4 
37.0 
24.9 
38.8 
24.7 
16.9 
67.8 
44.5 
27.2 
13.3 
6.3 
4.1 
114.3 
87.0 
76.0 
61.7 
44.1 
36.1 
113.3 
96.0 
78.8 
75.3 
60.8 
51.9 
Mossbank and Grassland data drawn from 23 monthly samples 
Dwarf Shrub and Mire data drawn from 14 monthly samples 
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The effect of moisture on respiration is not so clearly defined 
and varies with site. The significant positive correlation (p < .001) 
seen at both depths of the Mossbank, the upper soil layer of the 
Grassland, the 3-6 cm level of the Dwarf Shrub site (p < .01) and the 
lowest litter layer of the Grassland (p < .05), suggests that moisture 
is usually suboptimal and hence an increase results in increased 
respiration. That moisture in the upper layer of the Dwarf Shrub and 
lower layer of the Mire sites is not correlated with respiration is 
considered to show that there is always sufficient moisture present for 
respiration to continue. The significant (p < .001) negative correlation 
between the moisture present and respiration in the upper layer of the 
Miresite suggests waterlogging which reduces respiration. further 
waterlogging effects are suggested by the very highly significant 
negative correlations seen between WATER and respiration at both levels 
of the Dwarf Shrub and Mire sites. This supports the observation that 
both sites have a high organic content capable of retaining large 
quantities of water and are situated so as to receive excess amounts 
(from downslope drainage) at certain times of the year. Despite the 
high organic content of the Mossbank it is well drained and this may 
explain why respiration is not correlated with WATER. Similarly, while 
the lower litter shows a slight water-logging tendency, the topsoil of 
the Grassland is well drained and excess water does not accumulate to 
effect respiration. 
The hydrogen ion content shows a correlation with respiration at 
only one site - the 3-6 cm layer of the Dwarf Shrub site. This highly 
significant correlation shows respiration to increase with decrease in 
acidity and can be seen as the response of micro- and macro-flora and 
fauna to the less acidic conditions brought about by flushing of this 
seepage slope and a possible concommitant influx of additional 
nutrients. 
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The highly significant negative correlations between rainfall 
(RAIN 30) and respiration of both levels of the Mire site agrees with 
the earlier conclusions on waterlogging. It may also cause reduced 
oxygen tension and nutrient leaching. As the Grassland does not 
receive any drainage water the significant (p < .05) negative 
correlation between soil respiration and rain over the previous 15 and 
30 day periods is probably the effect of leaching. 
Temperature shows significant correlations with respiration at 
only two sites. At the lower litter layer of the Grassland the negative 
correlation (p < .05) between respiration and the mean and higher 
temperature regimes is seen to reflect the drying effect of temperature 
at this relatively warm, well drained site rather than a real decline 
in respiration with increased temperature. At the Mire site, colder 
and wetter than the Grassland, the significant positive correlations 
between respiration and temperature may be viewed as a true temperature 
effect. 
8.4.2 The relationships between the respiration rate and vegetation type 
The results of the Mossbank correlation analyses support previous 
observations on both the micro flora and vegetation at this site (Chapter 
3). One might expect the moss P. alpestre to show very significant 
negative correlations with respiration as it supports a reduced mic~obtal 
flora, and will thus presumably have a reduced' microbial respiration 
contribution with respect to that of other vegetations, and is itself 
likely to show low respiration rates as the most active growing portion 
(0-2 cm) was removed for these experiments leaving slowly respiring cut 
moss shoots. 
J. scbeucbzerloldes, on the other hand, may be expected to show 
very highly significant positive correlations with respiration as it is 
a very actively growing, and hence respiring, rush which provides a 
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rhizosphere conducive to increased microbial, and especially bacterial, 
populations. In addition to increased microbial respiration the floral 
respiration component of the cut stems as used in this study will be 
elevated. 
8.4.3 The weighting implied by the presentation of data 
The weighting of results (Table 22) suggests that care should be 
taken when making intersite comparisons between different soil types, 
for it may be necessary to take into account the bulk density and/or 
organic content or, if such measurements are unobtainable or 
unrepresentative, to express results on a whole core basis. 
Comparing results of the present study on a whole core basis shows 
the decline in respiration with depth at all sites as: Mossbank 35%, 
Dwarf Shrub 32%, Grassland 25% and Mire 11%. However if these results 
are expressed on a dry weight basis the order changes to: Grassland 86%, 
Dwarf Shrub 49%, Mossbank 33% and Mire 14% and expression per g organic 
material becomes: Grassland 93%, Dwarf Shrub 51%, Mire 38% and Mossbank 
33%. 
When site activity is considered on a whole core basis the Dwarf 
Shrub site appears by far the most active with the other sites having 
similar activities at around 25% of this rate. Due to differences in 
mineralization down the profiles of the sites (Appendix 2) and 
differences in the bulk densities of their vegetation, when respiration 
is considered on a dry weight and organic matter basis the Mire site 
appears most active closely followed by the Dwarf Shrub site and then 
the Grassland and Mossbank. for this study it was concluded that 
respiration expressed on a dry weight basis would prove most useful to 
bring out the effect of mineralization and allow comparisons with other 
work. 
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8.4.4 Comparison with other studies 
Although respiration studies have been widely used to compare the 
activities of various soils and litters, close observation of the aims, 
methods and expression of results of these studies have shown that care 
should be taken when using them for comparative purposes. 
The respiration of an enclosed area (eg. Wildung et al., 1975; 
the Norwegian study in Flanagan and Veum, 1974) may not be easily com-
pared with that of an isolated core as perturbation and the effect of 
exposed surface area are unknown. Similarly, litter respiration studies 
(eg. Howard and Howard, 1979) are of limited value in comparison to 
those of peat cores for although the methodologies may be alike the 
eventual aims may not. That temperature of incubation will greatly 
alter respiration rates is well known (Van Cleve et al., 1979; Flanagan 
and Veum, 1974; Singh and Gupta, 1977) and as the soil Q10 may change 
comparisons of studies at different temperatures may be misleading. 
Moisture has also been shown to be important (Parkinson and Coups, 1963; 
Flanagan and Veum, 1974; Singh and Gupta, 1977). 
In the face of these difficulties it is still possible to make some 
comparisons with other studies. Van Cleve et ale (1979) used Gilson 
--
respirometry at 10°C to study the respiration of organic matter of the 
combined l, F and H horizons of a paper beech forest. The mean value 
-1 -1 . 
of two runs, 98 ~g CO2 g h ,1S comparable to that of the most similar 
South Georgia material - the upper part of the Dwarf Shrub site (87 ~g 
-1 -1) CO2 g h • 
The study of Howard and Howard (1976) on a Pennine grassland 
yielded respiration rates (using a Gilson machine at 10°C) over one 
year of around 50 ~1 O2 g-1 h-1 for the l/F layer, higher but comparable 
-1 -1 1 d to the figure of 22.7 ~1 O2 9 h for the South Georgia Grass an 
litter. 
Using the conversion of this value to 0.045 mg CO2 g-1 h-1 allows 
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comparison with other grassland and prairie studies and highlights the 
importance of moisture and incubation temperature. Working at 20°C in 
the laboratory, Redmann and Abouguendia (1978) recorded values of 0.75 
-1 -1 
and 0.02 mg CO2 g h from moist and dry litter of Agropyron 
-1 -1 dasystachyum and Old (1969) observed a rate of 0.24 mg CO 2 g h from 
a wet tall-grass prairie litter at 25°C. 
Work by Howard and Howard (1976) on the Pennine grassland soil at 
10°C gave mean yearly results for the 0-7 ~m horizon of between 2-3 ~t 
-1 -1 -1 -1 O2 g h ,very comparable to the mean value of 3.2 ~t O2 g h 
determined for the South Georgia soil. Although differing from the 
South Georgia study in both temperature. of incubation and technique, 
the study of Redmann and Abouguendia (1978) showed CO2 evolution from 
intact soil cores from the Canadian grassland community to be very 
( -1 -1 similar to the South Georgia G~assland soil 5.4-7.1 mg CO2 Kg h 
-1 -1) compared to 4-13 mg CO2 Kg h • 
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CHAPTER 9 
GENERAL DISCUSSION 
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Under most circumstances the diversity of both macro- and micro-
flora and fauna in an ecosystem will depend both on colonization from 
neighbouring ecosystems and the suitability and adaptability of the 
organisms to their new environment. An important factor in successful 
colonization of an island is the distance between it and other land 
masses. For organisms relying on passive dispersal either by air or 
sea and having a limited viable life (eg. the seeds of plants, spores 
of micro-organisms and, to a certain extent,~insects) an increase in 
distance decreases the likelihood of transfer, even if prevailing 
winds and ocean currents are favourable. The range of colonization by 
active dispersal of animals, birds and insects is limited by their own 
powers of endurance. Exceptions to this are those which can rest and 
feed while at sea and thus extend their range until barred by lack of 
suitable food or climatic changes. Such birds and animals may also act 
as unwitting carriers of spores, micro-organisms, insects (Falla, 1960) 
or seeds (Kok, 1975) but the greater the distance to be carried the 
more likely these are to be removed en route. All the sub-Antarctic 
islands are remote from continental land masses and therefore provide 
extreme examples of colonization over long distances. 
The Antarctic continent, an area of about 14 x 106 km2 of which 
less than 3% is ever free of permanent snow and ice (Walton, in press), 
possesses its own weather system. Air at high altitudes converges 
over the South Pole, sinks to the surface and radiates outwards to be 
gradually deflected into a clockwise circulation around the continent 
(Gressitt, 1970; Solot, 1967). Thus the prevailing winds reaching the 
sub-Antarctic islands will have traversed open sea, other sub-Antarctic 
islands and the tip of Tierra del Fuego after leaving the Antarctic 
continent and are unlikely to provide an easy means of access for 
colonizing organisms although their speed would be suitable even for 
propagules with a limited viability (eg. transit time from South 
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Georgia to Marion Island of two days (Solot, 1967». However, the 
northern air current found in the Eastern part of each ocean (Anon, 
1978) results in anticyclonic wind patterns which may introduce 
propagules into the main westerly Antarctic air current. Thus South 
Georgia may be influenced by an airstream which has passed over southern 
South America, Marion and Prince Edward Islands by one from southern 
South Africa and Macquarie Island by one from eastern Australia. From 
studies on the South American origin of pollen found on Marion and 
Prince Edward Islands, Schalke and Van Zinderen Bakker (1971) have con-
cluded that the wind system around Antarctica has not changed during 
the last 16,000 years, a date prior to the last major glaciation. 
Similar pollen has been isolated from Quaternary peats on South Georgia 
(Barrow and Smith, 1983) putting the date of earliest vegetation at 
9500-9700 BP (Smith, 1979). The prevailing wind directions are also 
seen in the ocean currents with circumpolar westerly movement 
infiltrated by southward movement in the lee of continents. 
That such influences have resulted in the arrival of colonizers 
has been discussed by Gressitt (1970) for some of the native fauna and 
Smith (in press) for the native flora. These authors have also noted 
the paucity of species found on the sub-Antarctic islands in comparison 
to more accessible regions. South Georgia, for example, has only 25 
taxa of native vascular plants (Walton, 1975a) and Marion and Prince 
Edward Islands only 22 (Gremmen, 1982). In comparison, the low-medium 
alpine region of the Hardangervidda plateau, a tundra region in southern 
Norway, has approximately 130 species (~stbye et al., 1975). Similarly 
the South Georgian fauna, considered to be the second or third richest 
in the sub-Antarctic, has 148 species of terrestrial arthropod. groups 
of which 96 are free living (Gressitt, 1970) whereas at Moor House, a 
British moorland at 54°N, 1133 species have been found of which 944 are 
in the main insect groups (Ryan, 1981). 
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On the sub-Antarctic islands the activities of Man have assisted 
colonization both intentionally and unintentionally. Animals intended 
for food or burden have become feral, their feedstuffs have been a 
source of plant seeds and alien plants have been introduced for food. 
In addition all these activities are a potential source of microscopic 
spores and resting forms. On South Georgia the established alien flora 
of 22 species and its limited effects have been discussed by Walton 
(1975b) and the broader aspects of introduced species considered by 
Bonner (in press) and Smith (in press). 
The progress of colonization within any ecosystem will depend 
largely on four factors: the frequency of introduction, the distribution 
of viable niches through the ecosystem, the availability of substrates 
and the adaptability of the organism to the local environment. The 
point of introduction of propagules will depend on their method of 
dispersal. Air dispersal should ensure widespread distribution of 
spores or seeds but passive transport will limit possible dispersal to 
areas frequented by the carriers. The success of colonization will 
also depend on the ability of the incoming organisms to compete with 
any existing flora and fauna. 
Thus it might be expected that the flom and fauna of South Georgia 
would be limited in terms of species diversity. Those members of the 
flora with small spores (ferns, mosses, lichens) are more plentiful 
than those with larger seeds (Smith and Walton, 1975) and the 
indigenous fauna is limited (Gressitt, 1970). That competition does 
not appear to be an important factor on South Georgia and that some 
types of floristic niche have not been. filled is shown by the wide 
distribution and opportunism on the part of some species. Acaena 
magellanica, for example, is found in a diversity of habitats from 
oligotrophic mire to fellfied. 
If the difficulties associated with colonization and establishment 
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are applicable to the microflora, and we have no reason to believe that 
they are not, this may also be expected to show a reduction in species 
diversity. That this is so may be implied from the limited number of 
species of successional micro-fungi found by Hurst (1982). Such a 
reduction may in turn have led to a lack of specific decomposers 
resulting in inefficient litter breakdown and the possible build-up of 
some components. 
The stage of development of a soil is determined by chemical and 
mechanical weathering and is related to the development of vegetation 
on it. Thus it is possible that several different stages of soil 
development could arise close together and that each might have a very 
different nutrient status. The development Df soil on South Georgia 
since the last major glaciation (c. 12000 y BP, Sugden and Clapperton, 
1977) has produced a range of types varying in complexity. They are 
in general cold, poorly developed and with a low nutrient status, 
placing them clearly amongst tundra soils as a group although they lack 
permafrost. Their tundra status appears justified by their position in 
the multivariate comparisons of biotic and abiotic variables from tundra 
sites by French (1981) and comparison of soil properties with those of 
other sites designated tundra (Brown and Veum, 1974). The stage of 
soil development and nutrient status have a bearing on the decomposer 
activity as shown by a comparison of the extent of litter accumulation 
in different communities. 
The widespread occurrence of bryophytes on South Georgia has led 
to the formation of five major peat types (Smith, 1981). In the 
present study the greatest peat accumulation is seen at the Mossbank 
where turf forming species have developed an ombrogenous 'raised bog' 
(Moss peat of Smith, 1981). That such a peat deposit has developed 
implies that production has exceeded decomposition and as longton 
(1970) has shown production to be reduced at these latitbdes 
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( 2 -1) c. 450 g m y decomposition must be very slow. This has been 
demonstrated for natural and standard substrates (Chapters 6 and 7) 
and it seems that decomposition of suitable substrates will continue 
regardless of season. The low nutrient status of the moss litter and 
the lack of moss exudates (Hebant, 1977) suggest a substrate 
inhospitable to the microflora. However, the viable microbial 
populations are similar to those from either tundra or more temperate 
soils (Parinkina, 1974; Ulehlova, 1979; Kauri, 1982) and are only a 
small fraction of the total populations. The cellulolytic microbial 
populations, whilst forming a constant fraction of the viable 
population, are not nearly so abundant as those of more temperate 
regions (Kauri, in press; Kj~ller and Struwe, 1980) which may account 
in part for the slow decomposition rates. 
Peat deposits-have also resulted from bryophyte and rush growth 
in seepage basins with impeded drainage. The Mire site is such a 
deposit with the most active decomposition zone at the junction of 
growing moss and accumulating peat. The increased decomposition seen 
at this site when compared to the Mossbank may be due to the increased 
nutrient status, especially of calcium and magnesium, noted by Smith 
(1981). Although decomposition at this site is faster than at the 
Mossbank there are indications that at times of excessive moisture (eg. 
during the spring melt) the overall biological activity of theaite is 
adversely affected by waterlogging and it is known that anaerobic 
conditions develop. Such conditions will inhibit decomposition 
(Williams and Gray, 1974)·. 
Although waterlogging has also been shown to adversely affect 
biological activity during melt in the peat which has developed at the 
Dwarf Shrub site (Ranker peat of Smith, 1981) this site has otherwise 
shown the highest biological activity of those studied. This community 
type has both high productivity (1600 g m2, Smith and Walton, 1975) 
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and high element levels (especially nitrogen) in the leaves (Walton and 
Smith, 1980). Decomposer activity has been shown to be high and peat 
accumulation occurs only slowly, consisting of the more woody stems 
and rhizomes of A. magellanica and the moss T. robusta (Walton, 1973). 
The soil which has developed beneath the Grassland site has been 
classed as ·'tundra brown' by Smith and Walton (1975) and the diverse 
flora is considered its climax vegetation on South Georgia. Decomposition 
studies using a standard substrate have now shown the process to take 
place in the litter layer and at depth in the soil, although the most 
active area appears to be the litter/ soil interface. While the use of 
a standard substrate showed rates of degradation less than twice that 
of the Mossbank, a study with natural litter placed in both the litter 
layer and upper soil suggests a rate around. four times that found at 
the bryophyte site. Differences in litter quality may be the cause of 
this. The shallow litter layer at the Grassland is considered to be 
due to the relative abundance and growth physiology of the grass and 
bryophytes found there. On a similar grassland Smith and Stephenson 
-2 (1975) estimated that at the end of the growing season c. 250 g m of 
-2 detached grass litter were present with c. 750 g m of standing dead. 
Thus a relatively rich nutrient source (compared to moss litter) is 
present but may take several years to enter the litter layer (Smith and 
Walton, 1975). Even on detachment the leaves may not enter the litter 
layer as the prevailing strong winds have been observed to remove much 
loose material. At this site the mosses have not developed peat 
deposits and are sufficiently fragile to be damaged by disturbance or 
climate. The viable microflora populations are numerically similar to 
those of the Mossbank and while all decrease with depth this is more 
dramatic at the Grassland and is thought to be due to the increased 
mineralization with depth at this site. Oecomposer organisms again form 
a smaller proportion of the viable populations in relation to more 
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temperate studies and the total and viable populations are again 
related. 
The sub-Antarctic climate, as shown by a number of islands in that 
zone, is typically one of cold (but not extremely so) winters and cool 
summers with a good deal of precipitation all year round.· However, 
such an environment may not be as harsh as one might imagine. On 
South Georgia during winter, while air temperatures may drop to -15°C, 
the soil has been shown to be insulated by the snow layer.and remain 
close to OoC (a similar phenomenon was also noted by longton (1970) in 
his study of a South Georgia mossbank). 
At all the South Georgia sites decomposition of a standard sub-
strate has been shown to continue throughout the year and at the Grass-
land and Mossbank natural litters have shown similar results. This is 
important in terms of nutrient cycling as it will result in the con-
tinuous throughput of nutrients from litter. and not a reduction in 
.activity and productivity as shown by other tundra plant communities 
during winter. Widden (1977) also noted decomposition (as litter weight 
loss) during winter at Truelove Lowland but was sceptical that it was 
due to active decomposition and attributed it to the spring leaching of 
substances solubilized during the rest of the year. However, there 
seems no reason why the process should not be the result of microbial 
activity as flanagan and Bunnell (1980) discuss the low and sub-zero 
temperature metabolisms of fungi and bacteria from Barrow, Alaska, and 
both they and flanagan and Scarborough (1974) noted the cellulolytic 
ability of fungi at temperatures close to DoC. In the present study 
similar numbers of heterotrophic and decomposer micro-organisms have 
been cultured at monthly intervals throughout the year suggesting that 
these viable populations are not adversely affected by winter con-
ditions. Correlation analyses made in the. study also show winter 
temperatures to have little effect on decomposition or the microflora. 
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The observed continuation of biological activity in winter shows there 
to be an adequate supply of free water. although it is known that ice 
forms in the profiles of all the sites. A likely explanation has been 
supplied by the work of Nakano and Brown (1972) who showed that in both 
inorganic and organic Alaskan soils more than 50% of the moisture 
remained in the liquid phase down to _10DC. 
However, that winter temperatures do not affect activity does not 
necessarily imply the microbial flora to be psychrophilic. Recent work 
by Hurst (1982) suggests that on South Georgia the dominant successional 
micro fungi are not especially adapted to low temperatures but can 
tolerate them and make optimum use of the summer. flanagan and Bunnell 
(1980) came to a similar conclusion concerning most of the fungi 
isolated from Barrow, Alaska but also isolated some psychrophiles from 
this more extreme environment. With respect to bacteria, work by Boyd 
(1967), Christensen (1974) and Mosser et ale (1976) in extreme cold 
dominated systems has shown psychrophiles to be only 5-10% of the viable 
flora. In contrast Rosswall and Clarholm (1974) found bacteria from a 
wide range of tundra and temperate zones to be psychrotolerant meso-
philes, a further example of the broad temperature range of many 
bacteria~ 
degradation 
As cotton strip L is not affected by the lower environmental 
temperatures and does not cease during winter, the accumulation of 
litter at the South Georgia sites must be due to other driving variables, 
either singly or in unison. 
Water is an essential factor in biological processes and in most 
ecosystems its supply depends directly on .rainfall. While South Georgia 
receives a comparatively high annual rainfall (c. 1400 mm, Smith and 
Walton, 1975) without marked seasonality, differences between the 
terrestrial sites, in conjunction with other climatic variables, result 
in stresses which affect both their micro flora and overall biological 
activity~ 
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At the spring melt the rainfall, which has accumulated during the 
winter as snow, provides a sudden flood of free water. Sites with good 
drainage and not receivin~ seepage water (ie. Mossbank and Grassland) 
are little affected by this but the Mire and Dwarf Shrub sites undergo 
waterlogging stress and biological activity may be curtailed. During 
the summer period while high temperatures may increase the activity of 
the flora and microflora, together with the strong prevailing winds 
they also increase evaporation. This has little effect on the Dwarf 
Shrub and Mire sites as the high organic contents of both enable them 
to retain water supplied as downslope drainage in otherwise dry 
periods. Although the Mossbank is also highly organic itisombrogenous 
and desiccation effects are seen as a reduction in the biological 
activity of the upper layers. The most extreme effects of water loss 
are seen at the Grassland where the litter is too open to retain much 
moisture and the underlying soil too well drained. The results of 
desiccation at this site have been shown to be not only a decrease in 
biological activity but also a decrease in the microflora. 
Marked differences between the sites are also seen with respect to 
the timing and quality of the nutrient input. Those sites having a 
heavy bryophyte cover (Mossbank and Mire) receive litter input through-
out the growing season but it is from the base of the growing shoot 
rather than onto the surface. As this fresh litter is still in direct 
connection with the live moss it is likely that most nutrient will be 
retained in the moss shoots. The resulting litter will be of poor 
quality and decompose slowly (Mossbank) unless nutrient levels are 
higher (Mire). litter input at the Grassland may occur at most times 
of the year as weathering by wind, ice abrasion, snow and rain, 
together with beetle damage will all assist the fall of standing dead 
litter. As most incorporation will take place during the growing 
season competition for nutrients may place stress on both the flora and 
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microflora. As the process of incorporation of standing dead may take 
several years the resultant litter will be relatively poor containing 
a high percentage of cellulose. It is likely, however, that even this 
material will decompose more readily than that from the cryptogamic 
growth at the Grassland. At the Dwarf Shrub site nutrient input occurs 
annually at the end of the growing season. The soft leaves are of a 
high nutrient status when they enter the litter layer and are already 
infected with decomposer organisms. Further breakdown and incorporation 
into litter takes place very rapidly and supports a very active micro-
fora which, at this time of the year, has no competitioh for nutrients 
from the flora. Peat development at this site is considered to result 
from the higher quantities of recalcitrant material found in the stems 
and root system of the Dwarf Shrub and moss understorey. 
While the major floristic species of a habitat are generally con-
sidered to determine its likely biological activity and productivity 
the role of less abundant species is usually overlooked. In the present 
study it has been shown that these members of the flora can be a sig-
nificant influence to the microflora and decomposition processes. At 
the Mossbank, for example, J. scheuchzerioides roots provide a rhizo-
sphere which supports higher microbial populations, particularly of the 
less mobile bacteria, and increased overall biological activity in com-
parison to the surrounding mosses and P. alpestre in particular. This 
supports the suggestion that the moss is a nutrient poor environment 
cap.able of supporting only slow decomposer activity although the 
organisms may still be present. F. contracta at the Grassland has also 
been shown to support an increased bacterial population and· a higher 
rate of decomposition of a standard substrate in comparison to the major 
cryptogamic species of that site. Differences ·in decomposition potential 
associated organisms 
also exist within the flora at the Mire site where the JuncaceaeLcause 
an increase in the rate of decomposition of a standard substrate while 
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R. magellanica does not. This is seen to reflect the suitabilities of 
the rhizospheres of these species to supporting an active microbial 
flora. 
The development and productivity of a soil will depend not only 
on the current nutrient status and diversity of the flora and fauna but 
also on the nutrient retention and longevity of that flora. This in 
turn will determine the litter and nutrient input available to the 
decomposer populations. Their response, affected by climate, nutrients 
and the state of their populations, will determine the rate and 
efficiency of decomposition and hence the balance between nutrient 
cycling and nutrient accumulation. 
A model of the major processes in soil nutrient cycling at the 
South Georgia sites is shown in Fig. 59. In comparison to temperate 
meadows and grasslands the absence of herbivores and the paucity of the 
soil fauna will haveaconstraining effect on nutrient cycling. Not 
only will the comminution of the litter be greatly reduced in these 
circumstances but degradation by herbivores and the addition of nutrients 
through their faeces will be omitted from the cycling process. 
The importance-of additional nutrient input in sub-Antarctic 
terrestrial systems was demonstrated by Lindeboom (1979) and Steyn and 
Smith (1981). They showed nitrogen 'and phosphorous to be the major 
limiting factors with increased microbial numbers and growth of algae 
and plants occurring where animal excreta was deposited. Lindeboom 
(1979) also showed that in areas downwind of a strong biotic influence 
atmospheric deposition formed a very important nitrogen source. 
However, as such a potential source is absent from the vicinity of the 
South Georgia sites similar direet or atmospheric deposition cannot be 
considered as a major nutrient source. 
While the fixation of atmospheric nitrogen is another potential 
microbial nutrient source it has been shown to be small from similar 
: 
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Fig. 59 A model of the major processes in soil nutrient cycling 
at the South Georgia study sites 
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sites on Signy Island (maritime Antarctic) by Christie (pers. comm.) 
and is not thought to be important on South Georgia although this has 
yet to be investigated. VA mycorrhizal associations have been shown for 
plant species found at the South Georgia sites (Christie, pers. comm.) 
and their contribution to such processes as the phosphorous cycle are 
as yet unassessed. As the input of additional nutrients to the South 
Georgia sites is severely restricted it is likely that the very 
important cycling carried out by the microbial populations is, as has 
been shown at Marion Island, limited by the availability of one or 
more components. 
In the sub-Antarctic climate freeze-thaw cycles may be important 
in causing ice crystal damage and nutrient release from plant shoots. 
Such cycles have been suggested as contributing to the nutrient 
release responsible for the microbial bloom accompanying the spring 
thaw at both Signy Island (Baker, 1970) and Point Barrow (Boyd, 1958). 
Whether such actions cause nutrient release at South Georgia is 
questionable as no microbial bloom was obvious. Hurst (1982), working 
on stored specimens of the litter of two South Georgia plant species, 
concluded that repeated freezing and thawing had little affect on 
passive nutrient leakage from this material. There is, however, scope 
for further investigations using living leaves. 
The importance of toxin limitation on microbial production, 
although unquantified in the present study, should not be omitted in a 
model of this kind. The competitive interactions between phylloplane 
fungi from South Georgia.have been discussed by Hurst (1982) and could 
doubtless be continued to the soil populationa. As there is a distinct 
ecologicsl advantage to be gained through the ability to inhibit 
competition it is likely to be found in both soil fungi and bacteria •. 
The constituents of .some plan~s.may also serve to inhibit the soil 
microflora. The high concentrations of polyphenols found in some 
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mosses (and in soil extracts) are thought to act in this way and, 
together with their waxy cuticles and poor exudates, may produce 
unfavourable microbial habitats. 
Water is shown to be important both in the increase and decrease 
of the microbial populations. In the former water availability limits 
possible productivity while in the latter it is the extremes of 
availability, tending to drought or waterlogging, which place 
unacceptable stresses on the populations. Temperature is also con-
sidered to influence both microbial productivity and death, occupying 
a secondary role in relation to water although the two are closely 
linked. 
The relationships between primary production, decomposition and 
accumulation at the South Georgia sites may be summarized as shown in 
Fig. 60 (A-D) and interpreted as: 
A. The Mossbank. Although primary production is low in the 
bryophyte community, it is greater than the very slow decomposition 
processes and accumulation of peat therefore occurs. Accumulation will 
not be in a steady state at such sites but will continue as deeper 
deposits are formed. 
B. The Dwarf Shrub site. Primary production is high but is 
almost matched by the rate of decomposition of the nutrient rich 
vegetation. Slow accumulation of the most recalcitrant residues is a 
dynamic process as the ranker peat develops. 
C. The Grassland. Primary productivity is low due to the high 
percentage of bryophyte cover but is higher than the Mossbank as 
phanerogams are present. Decomposition is also higher than at the 
Mossbank and a steady state has resulted. Accumulation of organic 
matter at this site has resulted in a shallow litter layer which does 
not appear to be developing further and which is affected by wind 
action. 
Fig. 60 
A. 
D. 
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A summary of the relationships between primary production, 
decomposition and accumulation at the South Georgia sites. 
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D. The Mire. The primary productivity of this wet moss 
community is low and although decomposition rates are higher than at its 
dry counterpart, equilibrium has not yet been reached. While 
accumulation has occurred and does so at present, a steady state should 
eventually develop if this restricted area is to remain a mire community. 
Thus within a small area on one sub-Antarctic island a variety of 
limited ecosystems can be characterised generally although much 
remains to be discovered about their detailed functioning. The present 
study represents only part of the. nutrient cycling.processes on South 
Georgia and a number of approaches may be suggested for further studies: 
1. The characterization of the important microbial decomposers and 
investigation of their responses to seasonal edaphic variability. 
2. The relationships between the microbial decomposers and other 
members of the micro flora. 
3. The determination of which, if any, nutrients limit the activity of 
the microbial populations. 
4. The role and extent of mycorrhizal associations and the possibility 
of nitrogen fixation. 
5. The effects of seasonal environmental pressures on nutrient 
availability from plants. 
It appears theoretically feasible to work towards elementary yet 
whole ecosystem models for such relatively simple systems as these sub-
Antarctic ones. This surely must be a prerequisite to a greater 
understanding of the complex systems typical of much of the rest of 
the world. 
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Appendix 1. Growth Media and Stains 
Czapek-Dox Agar (Difco) for fungi 
Sucrose 30 g 
Tr~ptone 
Sodium Nitrate 
Dipotassium phosphate 
Magnesium sulphate 
Potassium chloride 
ferrous sulphate 
Agar 
Aureomycin 
pH 7.3 
2 g 
1 g 
0.5 g 
0.5 g 
0.01 g 
15 g 
30 mg 
Distilled water to 1 1 and sterilise at 121°C for 20 mins. 
Allow to cool to 60°C before adding filter sterilised 
Aureomycin aseptically. 
So~a Agar (Oxoid) for bacteria 
Tryptone (Oxoid L42) 15 g 
Soya Peptone (Oxoid L44) 5 g 
Sodium chloride 5 g 
Agar No. 3 15 g 
Actidione (cyclohex i mid e) 50 mg 
pH 7.3 
Distilled water to 1 1 and sterilise at 121°C for 20 mine. 
Allow to cool to 600 C before adding filter sterilised 
Actidione aseptically. 
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10% Tryptone Soya Agar for bacteria 
Tryptone (Oxoid L42) 
Soya Peptone (Oxoid L44) 
Sodium chloride 
Agar (Davis') 
Actidione (cycloheximide) 
1.5g 
0.5 9 
0.5 9 
15 9 
50 mg 
Distilled water to 1 I and sterilise at 121°C for 20 mins. 
Allow to cool to 60°C before adding filter sterilised 
Actidione aseptically. 
Medium for cellulolytic fungi 
March to May 1977 
Ball-milled cellulose1 
Sodium nitrate 
Dipotassium phosphate 
Magnesium sulphate 
Potassium chloride 
ferrous sulphate 
Agar (Davis') 
Aureomycin 
10 9 
2 9 
1 9 
0.5 9 
0.5 9 
0.01 9 
15 9 
30 mg 
Distilled water to 1 I and sterilise at 121°C for 20 mins. 
Allow to cool to 60°C before adding filter sterilised 
Aureomycin aseptically. 
1Whatman's CC41 cellulose powder for thin layer chromatography 
was prepared as a 4~ suspension in water and ball-milled for 
72 hours. 
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July 1977 onwards 
2 Precipitated cellulose 
Sodium nitrate 
Dipotassium phosphate 
Magnesium SUlphate 
Potassium chloride 
Ferrous sulphate 
Agar (Davis') 
Aureomycin 
2 9 
2 9 
1 9 
0.5 9 
0.5 9 
0.01 9 
15 9 
30 mg 
Distilled water to 1 I and sterilise at 121°C for 20 mins. 
Allow to cool to 60°C before adding filter sterilised 
Aureomycin aseptically. 
2precipitated celluose was formed by dissolving Whatman's 
CC41 cellulose powder in a copper/ammonium complex 
(Schweitzer's) reagent and forming a precipitate with dilute 
hydrochloric acid. (Method of Harrigan and McCance, 1966). 
Medium for cellulolytic bacteria 
February to May 1977 
Ball-milled cellulose 
Soya peptone 
Beef extract 
Sodium chloride 
Agar (Davis') 
Actidione (cycloheximide) 
10 9 
0.5 9 
0.3 9 
0.5 9 
15 9 
50 mg 
Distilled water to 1 1 and sterilise qt 121°C for 20 mins. 
Allow to cool to 600 C before adding filter sterilised 
Actidione aseptically. 
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July 1977 to January 1978 
Precipitated cellulose 
Soya peptone 
2 g 
0.5 g 
0.3 9 
0.5 9 
January 
Beef extract 
Sodium chloride 
Agar (Davis') 
Actidione (cycloheximide) 
15 9 
50 mg 
Distilled water to 1 I and sterilise at 121°C for 20 mins. 
Allow to cool to 60°C before adding filter sterilised 
Actidione aseptically. 
1978 onwards 
Precipitated cellulose 2 9 
Tryptone 1.5 9 
Soya peptone 0.5 9 
Sodium chloride 0.5 9 
Agar (Davis') 15 9 
Actidione (cycloheximide) 50 mg 
Distilled water to 1 1 and sterilise at 121°C for 20 mins. 
Allow to cool to 60°C before adding filter sterilised 
Actidione aseptically. 
Medium for ligninolytic organisms (after Flanagan. In Rosswall, 1971) 
Malt extract 
Agar (Davis') 
Distilled water 
15 9 
20 9 
850 ml 
The above is sterilised at 121°C for 20 mins and allowed to 
cool before the addition of the unsterilised solution of 
5 9 of gallic acid (3,4,5-trihydroxybenzoic acid) in 150 ml 
of distilled water. Plates of this medium must be checked 
thoroughly for contamination before use. 
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Diluent for the viable counting technique 
February to August 1977 
Peptone 
Sodium hexametaphosphate 
Distilled water 
1 9 
2 9 
1 1 
Diluent filtered then sterilised in required volume at 
121°C for 20 mins. 
September 1977 onwards (% strength Ringer's saline) 
Sodium chloride 2.25 9 
Potassium chloride 0.11 9 
Calcium chloride (hydrated) 
Sodium bicarbonate 
Distilled water 
0.12 9 
0.05 9 
1 1 
Diluent filtered then sterilised in required volume at 
121°C for 20 mins. 
Phenolic aniline blue stain (for Jones and Mollison slides) 
Phenol (5% aqueous) 
Aniline blue (6% aqueous) 
Glacial acetic acid 
15 ml 
1 ml 
4 ml 
The stain is filtered an hour after preparation 
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Appendix 2. 
Loss on Ignition (% of oven dry wt) 
Depth 
Community 0-3 cm 3-6 cm 6-9 cm 9-12 cm 
Mossbank 95. 09~~ 96.27~~ 97.53% 96 .6m~ 
Dwarf Shrub site 89. 79~~ 86 .66~~ 80.64~~ 74.60~~ 
Mire 94.43~~ 91.65% 91.80% 89.91% 
Grassland Festuca culms 91. 97~~ 
Clean moss 92.51~~ 
Lower moss 86.55~~ 
Organic/mineral horizon 69.86% 
Top of mineral layer 45.87% 
Mineral soil 13.05% 
Mossbank: each depth, four cores. and two crucibles per core 
Dwarf Shrub site: each depth, four. cores and two crucibles per core 
Mire: each depth, three cores and two crucibles per core 
Grassland: three crucibles per material 
Methodology as described in Allen et ale (1974). 
Appendix 3. 
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A comparison of air and soil temperatures from the 
Grassland and Mossbank over the period 29/1/1977 to 
8/2/1977. 
Correlation analyses of the mean synoptic temperatures, shown 
graphically in the figure, showed very highly significant positive 
correlations (p < .001) between the Mossbank and Grassland sites at 
each of the three levels investigated. 
Further correlation analyses were carried out between the 
Mossbank and Grassland using the daily maxima and minima of six levels 
over the eleven day period. The results of these analyses are shown 
in the Table. 
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A comparison of the mean synoptic temperatures at Grassland and 
Mossbank over an 11 day period 
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Temperature correlations between the Grassland and Mossbank over a short summer period 
Significance of the correlation coefficient 
Depth Between daily maxima Between daily minima Between both maxima and minima 
(n=11) (n=11) (n=22) 
+50 cm *** *** *** 
+5 cm ** *** *** 
Surface * ** *** 
-5 cm ** *** *** 
-10 cm *** *** *** 
-20 cm *** *** *** 
All correlations positive Statistical significance of Correlation Coefficients: 
p < .001 = *** 
P > .001 < .01 = ** 
P > .01 < .05 = * 
p > .05 = NS (not significant) 
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Appendix 4. Twenty year monthly means (+/- 95% confidence limits) of rainfall (mm) 
at Grytviken (South Georgia) (1961-1980) 
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